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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose
Subject: RE: FG T&M table

Date: Wednesday, January 29, 2014 1:50:00 PM
Thanks

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Wednesday, January 29, 2014 1:16 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew; Bayer, MaryRose

Subject: Re: FG T&M table

Jeff,
Attached is the T&M table with the missing holes filled in. Please call if you have
guestions.

Also, the AoR shapefile that you requested last week has been uploaded to the
input advisor.

Thanks

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>
Date: Tuesday, January 21, 2014 10:40 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew" <Greenhagen.Andrew@epa.gov>
Subject: FW: FG T&M table

Tyler,

As noted, we think that this might help you and the FGA people fill in some holes in testing and
monitoring requirements. The folks here in the region went over it and agree with Molly’s
assessment. Let me know if you have any questions.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
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U.S. EPA - Region 5
(312) 353-6288 [office]
(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: Bayer, MaryRose

Sent: Friday, January 17, 2014 3:45 PM
To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: FG T&M table

Jeff,

Attached is the T&M table | had Cadmus pull together. This should be VERY helpful in getting them
to narrow in on what they are planning. | would encourage you to take a quick look and send it on
to Tyler ASAP!

Thanks,

Molly

Mary Rose Bayer

Geologist, UIC GS Team Leader

U.S. Environmental Protection Agency

Office of Ground Water & Drinking Water: Prevention Branch
Phone: (202) 564-1981
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Bayer, MaryRose

Cc: Lucinda Swartz; Paul Champagne

Bcc: McAuliffe, Mary; Krueger. Thomas

Subject: RE: Followup Call on Trust Fund and Insurance
Date: Friday, January 31, 2014 9:48:00 AM

Tyler, Lucy and Paul,

Thank you for your patience. We have not been idle regarding this subject and have been
discussing this with counsel and management. Can we get back you after our Tuesday meeting/call
with the person that lead the financial responsibility guidance development process? | think we
should have some more definitive responses then.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Thursday, January 30, 2014 5:59 PM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Lucinda Swartz; Paul Champagne

Subject: Followup Call on Trust Fund and Insurance

Hi Jeff and Molly,

Are you available tomorrow (Friday) to have a followup call on the Trust Fund and
Insurance? Best for us is after 3pm (Eastern) but please let us know your
availability.

Thanks

Tyler
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From: McDonald, Jeffrey

To: "Betty Niemann"

Bcc: Greenhagen, Andrew; Perenchio, Lisa; Smith, Robert H; Jann, Stephen; Bayer, MaryRose
Subject: RE: FutureGen 2.0 Class VI Well Permit Application

Date: Tuesday, December 03, 2013 9:26:00 AM

Dear Ms. Niemann,

Thank you for your interest in this project. Currently, our office is reviewing the four permit
applications submitted for the four proposed injection wells. No decisions on whether to issue or
deny any or all of the permit applications have been made. When a draft decision is reached, we
will be soliciting public input. If you would like to be added to a mailing list we are creating to
communicate with people interested in this project and other geologic sequestration projects we

are involved with, please sign up are our web site: http://www.epa.gov/r5Swater/uic/carbon-

sequestration.htm#signup
Regarding your specific concerns, | believe the “leakage” you mentioned is actually a case of lost

circulation. Lost circulation can happen during drilling and/or cementing when a formation has a
high capacity to accept fluids and the drilling mud or cement flow into the formation at higher than
desired rate. This was also observed at the Potosi formation when wells were drilled in Decatur
recently. Your concerns about a “mitigation plan” are valid, but are covered under the UIC
regulations for Class VI wells. The regulations call for an Emergency and Remedial Response Plan as
part of every Class VI permit issued. Any Class VI permits issued at the FutureGen storage site will
have to contain both a Corrective Action Plan and an Emergency and Remedial Response Plan.

Again, thank you for your interest.
Sincerely,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Betty Niemann [mailto:paint007 @hotmail.com]
Sent: Friday, November 22, 2013 12:05 PM

To: McDonald, Jeffrey; Harvey, Rebecca

Subject: FutureGen 2.0 Class VI Well Permit Application

Ms. Harvey and Mr. McDonald,

I have a major concern about the Class VI well application for FutureGen 2.0 in Morgan
County.

From FutureGen's 2013 3rd Quarter Report on recovery.gov, | discovered that during drilling
of the characterization/stratigraphic well that there was a water leak in the Potosi Formation.
Are you aware of this?
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The application does discuss the Potosi Layer but I could not find where FutureGen reported
it had water leakage.

Also, Section 3.0 of the application is to discuss Corrective Action. FutureGen discusses the

fact that there are no wells that breach the injection zone, but that is as far as it gets. | have

talked with Sally Benson of Stanford University who says that before any injection permit is

issued, there needs to be a mitigation action plan in place for if and when there is a problem

with the injection site immediate mitigation action can begin. Are you aware of this opinion?
I have attached her article for you to read.

Thank you,

Betty Niemann
Jacksonville, IL 62650
Phone 217 370 3853






From: McDonald, Jeffrey

To: "Cliff Whyte"

Subject: RE: FutureGen 2.0 Record of Decision
Date: Friday, February 07, 2014 1:11:00 PM
Cliff,

Thanks. | don’t know if | need to add you or maybe someone at NETL to our list, since most projects
in the near future will probably have DOE connection already.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff Whyte@NETL.DOE.GOV]
Sent: Friday, February 07, 2014 12:55 PM

To: McDonald, Jeffrey

Subject: RE: FutureGen 2.0 Record of Decision

Mr. McDonald,
I quickly pulled some information from our ADM EA file as well. Please add the following to your list:

Karen Miller, Section Manager
Impact Assessment Section
Illinois DNR

1 Natural Resources Way
Springfield, IL 62702

DiAnne Schuerman

Environmental Review

Illinois Environmental Protection Agency
1021 North Grand Avenue East

Post Office Box 19276

Springfield, Illinois 62794-9276

Diane Rosen, Regional Director
Midwest Region Office

Bureau of Indian Affairs

One Federal Drive, Room 550
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Ft. Snelling, MN 55111-4007

Thanks
Cliff

Cliff Whyte

Director, Environmental Compliance Division

National Energy Technology Laboratory

U.S. Department of Energy

(304)285-2098

>>> "McDonald, Jeffrey" <mcdonald jeffrey@epa.gov> 2/7/2014 12:36 PM >>>

Mr. Whyte,
Thank you for the quick reply. This is a great start for our meeting this requirement.

Again, my thanks,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff. Whyte@NETL.DOE.GOV]
Sent: Friday, February 07, 2014 11:32 AM

To: McDonald, Jeffrey
Subject: RE: FutureGen 2.0 Record of Decision

Mr. McDonald,
Please find the attached spreadsheet, which represents those who expressed an interest in the FutureGen 2.0
EIS.

If T can be of further assistance, please advise.
Thank you,

Cliff Whyte

Director, Environmental Compliance Division

National Energy Technology Laboratory

U.S. Department of Energy

(304)285-2098

>>> "McDonald, Jeffrey" <mcdonald jeffrey@epa.gov> 2/7/2014 10:11 AM >>>
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Mr. Whyte,

At EPA, we are reviewing Underground Injection Control (UIC) Class VI permit applications for
geologic sequestration projects. One of these projects is FutureGen 2.0. One of the Agency’s duties
is to create and maintain a list of interested parties for each well class that we use to inform about
upcoming actions (usually draft permits or enforcement actions). Since the rules for Class VI well
classification are quite new and there are no existing injection wells of this sort (aside from
enhanced oil recovery and experimental wells regulated under different UIC regulations), we need to
develop a list of potentially interested parties. One of the suggestions we came up with was to ask if
the DOE had a list of commenters from their EIS work at FutureGen 2.0. Do you have a list of citizens
and/or groups that contacted you during your EIS process that we might be able to use to help
create a list of interested parties? Please call or e-mail me if you have any questions or concerns.

Sincerely,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff. Whyte@NETL.DOE.GOV]
Sent: Thursday, January 16, 2014 7:03 AM

To: Cliff Whyte
Subject: FutureGen 2.0 Record of Decision

Hello-

This email address was provided during the process of developing the Environmental Impact Statement (EIS)
for FutureGen 2.0. The purpose of this email is inform you of the availability of the Record of Decision. The
document is posted at http://www.netl.doe.gov/publications/others/nepa/FutureGen%202.0-NEPA-EIS-ROD-
Final-1-15-14.pdf.

We anticipate the EPA notice of availability will appear in Federal Register in the near future.

Thank you for your interest in the project.

Cliff Whyte

Director, Environmental Compliance Division
National Energy Technology Laboratory
U.S. Department of Energy

(304)285-2098
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From: McDonald, Jeffrey

To: "Cliff Whyte"

Bcc: Greenhagen. Andrew; Wawczak, Jeffrey
Subject: RE: FutureGen 2.0 Record of Decision
Date: Friday, February 07, 2014 9:10:00 AM
Mr. Whyte,

At EPA, we are reviewing Underground Injection Control (UIC) Class VI permit applications for
geologic sequestration projects. One of these projects is FutureGen 2.0. One of the Agency’s duties
is to create and maintain a list of interested parties for each well class that we use to inform about
upcoming actions (usually draft permits or enforcement actions). Since the rules for Class VI well
classification are quite new and there are no existing injection wells of this sort (aside from
enhanced oil recovery and experimental wells regulated under different UIC regulations), we need to
develop a list of potentially interested parties. One of the suggestions we came up with was to ask if
the DOE had a list of commenters from their EIS work at FutureGen 2.0. Do you have a list of citizens
and/or groups that contacted you during your EIS process that we might be able to use to help
create a list of interested parties? Please call or e-mail me if you have any questions or concerns.

Sincerely,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff. Whyte@NETL.DOE.GOV]
Sent: Thursday, January 16, 2014 7:03 AM

To: Cliff Whyte

Subject: FutureGen 2.0 Record of Decision

Hello-

This email address was provided during the process of developing the Environmental Impact Statement (EIS)
for FutureGen 2.0. The purpose of this email is inform you of the availability of the Record of Decision. The
document is posted at http://www.netl.doe.gov/publications/others/nepa/FutureGen%202.0-NEPA-EIS-ROD-
Final-1-15-14.pdf.

We anticipate the EPA notice of availability will appear in Federal Register in the near future.

Thank you for your interest in the project.
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Cliff Whyte

Director, Environmental Compliance Division
National Energy Technology Laboratory
U.S. Department of Energy

(304)285-2098






From: McDonald, Jeffrey

To: "Cliff Whyte"

Subject: RE: FutureGen 2.0 Record of Decision
Date: Friday, February 07, 2014 11:36:00 AM
Mr. Whyte,

Thank you for the quick reply. This is a great start for our meeting this requirement.
Again, my thanks,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff. Whyte@NETL.DOE.GOV]
Sent: Friday, February 07, 2014 11:32 AM

To: McDonald, Jeffrey

Subject: RE: FutureGen 2.0 Record of Decision

Mr. McDonald,
Please find the attached spreadsheet, which represents those who expressed an interest in the FutureGen 2.0
EIS.

If I can be of further assistance, please advise.
Thank you,

Cliff Whyte

Director, Environmental Compliance Division

National Energy Technology Laboratory

U.S. Department of Energy

(304)285-2098

>>> "McDonald, Jeffrey" <mcdonald jeffrey@epa.gov> 2/7/2014 10:11 AM >>>

Mr. Whyte,

At EPA, we are reviewing Underground Injection Control (UIC) Class VI permit applications for
geologic sequestration projects. One of these projects is FutureGen 2.0. One of the Agency’s duties
is to create and maintain a list of interested parties for each well class that we use to inform about
upcoming actions (usually draft permits or enforcement actions). Since the rules for Class VI well
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classification are quite new and there are no existing injection wells of this sort (aside from
enhanced oil recovery and experimental wells regulated under different UIC regulations), we need to
develop a list of potentially interested parties. One of the suggestions we came up with was to ask if
the DOE had a list of commenters from their EIS work at FutureGen 2.0. Do you have a list of citizens
and/or groups that contacted you during your EIS process that we might be able to use to help
create a list of interested parties? Please call or e-mail me if you have any questions or concerns.

Sincerely,

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: Cliff Whyte [mailto:Cliff. Whyte@NETL.DOE.GOV]
Sent: Thursday, January 16, 2014 7:03 AM

To: Cliff Whyte
Subject: FutureGen 2.0 Record of Decision

Hello-
This email address was provided during the process of developing the Environmental Impact Statement (EIS)
for FutureGen 2.0. The purpose of this email is inform you of the availability of the Record of Decision. The

document is posted at http://www.netl.doe.gov/publications/others/nepa/FutureGen%202.0-NEPA-EIS-ROD-
Final-1-15-14 pdf.

We anticipate the EPA notice of availability will appear in Federal Register in the near future.

Thank you for your interest in the project.

Cliff Whyte

Director, Environmental Compliance Division
National Energy Technology Laboratory
U.S. Department of Energy

(304)285-2098
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew

Subject: RE: FutureGen 2.0 Request for Additional Information
Date: Friday, November 15, 2013 8:36:00 AM

Tyler,

Do you have any time to talk today about the FG applications?
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]

Sent: Thursday, November 14, 2013 5:34 PM

To: Greenhagen, Andrew

Cc: McDonald, Jeffrey

Subject: Re: FutureGen 2.0 Request for Additional Information

Andrew,

Great, thank you for the advance electronic copy. We will get back to you shortly
with our responses.

Tyler

From: "Greenhagen, Andrew" <Greenhagen.Andrew@epa.gov>
Date: Thu, 14 Nov 2013 15:11:11 -0800

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: Jeff McDonald <mcdonald.jeffrey@epa.gov>
Subject: FutureGen 2.0 Request for Additional Information

Mr. Gilmore,

Please find an electronic copy of a Request for Additional Information attached to this e-mail for
the FutureGen 2.0 project. This transmittal was signed in our office today, and the official copy will
arrive via certified mail to the Alliance office in Jacksonville.

Andrew Greenhagen
Underground Injection Control Branch
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U.S. EPA - Region 5
(312) 353-7648






From: McDonald, Jeffrey

To: "Rupp. John A"

Bcc: Greenhagen, Andrew; Bayer, MaryRose
Subject: RE: FutureGen application

Date: Tuesday, November 26, 2013 10:58:00 AM
John,

Thanks for considering to help out, but I’'m sorry that we can’t do that right now. Under better
circumstances, I'd be glad to consider it, but money and time are too tight right now. I’'m sure we
could justify you as a regional expert and do a sole-source contract, but getting all the paperwork
through would take time we don’t have, aside from our other pressing tasks. | think we will look at
this internally. We have a few people working on different areas of review, so we hope to cover
what we need to in the next couple of weeks. Again, my thanks. | know you are busy and this is a
time of year that demands for our time seem to snowball.

Thanks again and have happy holidays,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Rupp, John A [mailto:rupp@indiana.edu]
Sent: Friday, November 22, 2013 9:31 AM

To: McDonald, Jeffrey

Subject: RE: FutureGen application

Hi Jeff,

It was enjoyable to discuss this project with you yesterday. | have a couple of big items that | must
complete and clear from my workload by the end of the year, so it will be challenging to review
this comprehensively in the timeframe that you are looking at as part of my daily obligations. |
could however work up a review on my own time. Would appreciate it much if there could be a
honorarium to compensate me for this work.

Let me know how you would like to proceed,

Thanks much for this opportunity to contribute.

Regards,

John
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From: McDonald, Jeffrey [mailto:mcdonald.jeffrey@epa.gov]
Sent: Thursday, November 21, 2013 5:51 PM

To: Rupp, John A
Cc: Bayer, MaryRose; Greenhagen, Andrew
Subject: RE: FutureGen application

John,

Thanks for considering looking at the geological characterization section (Section 2) from the
FutureGen 2.0 permit applications. Although there are four proposed wells (and technically four
applications), Section 2 applies to the project. Below is an excerpt from our SOP with some
guidelines and questions for consideration. We would like to get a preliminary review of this
section by mid-December if at all possible. | know this might be a relatively short time, but a
preliminary review will give us confidence that the input parameters for the model are acceptable.

Thanks again and call me if you have any problems or questions,
Jeff
http://www.epa.gov/rSwater/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

From:

StAaNDARD PROCEDURES FOR CLass VI PermiT AppLicATION REVIEWS

Preliminary evaluation: Review the geologic data submitted by the applicant for completeness,
quality, and representativeness of the site. Also identify any additional information needed to
support a full technical evaluation (e.g., data on additional zones, data on geochemistry, etc.). The
data may be in a variety of formats, and must be submitted about the following geologic aspects of
a proposed site:

e Regional geology and geologic structure (required at 40 CFR 146.82(a)(3)(i,vi)). This
information will likely be provided in maps and cross sections of the AoR and narrative
reports, and may be supported by geophysical survey data or well logs.

e Geochemistry (40 CFR 146.82(a)(6)), including baseline geochemical data on subsurface
formations. This information will be submitted as results of geochemical analyses of
subsurface formations (e.g., fluid chemistry and bulk chemical analyses), geochemical
models developed by the applicant, or historical water quality information.

e Structure/geomechanics (40 CFR 146.82(a)(3)(ii, iv)), including information on fractures,
stress, ductility, rock strength, capillary pressure, and in situ fluid pressures within the
confining zone(s) and the location, orientation, and properties of known or suspected faults
and fractures that may transect the confining zone(s) in the AoR. This may be submitted as
narrative reports, core sample analyses, geophysical survey results, or cross sections.
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Mineralogy/petrology/lithologic information of the injection and confining zones (40 CFR
146.82(a)(3)(iii)), including porosity and permeability, and their depth and thickness. This
will be submitted based on/in the form of stratigraphic cross sections, isopach/isochore
maps, analysis of geologic cores, outcrop data, well logs, or geophysical survey data.
Hydrology and hydrogeology (40 CFR 146.82(a)(5)), including narrative descriptions of
USDWs and the direction of water movement; or maps indicating USDWs, water wells, and
springs in the AoR.

Seismic history, including the presence and depths of seismic sources in the area (40 CFR
146.82(a)(3)(v)). Information may include maps of seismic sources, reports on seismic
history or events, or seismic risk models.

The Site Characterization Guidance provides additional detail about the types and formats of site
characterization information that Class VI permit applicants may submit.

Evaluating the geologic data submitted by the applicant should involve asking the following

questions:

Were appropriate testing methods used and were a sufficient number of parameters
analyzed?

Were surveys performed at an appropriate resolution or scale; does regional information
cover the entire AoR?

Are the data and results of high quality, properly collected, valid, and properly referenced?
Do testing and analytical results demonstrate that relevant formations (e.g., the injection
or confining zone) have appropriate properties that will allow them to receive and confine
the anticipated volumes of carbon dioxide?

Are results representative of the site, i.e., are samples or historical data taken from
sufficiently close to the well and are the formations laterally homogeneous?

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Thursday, November 14, 2013 4:54 PM
To: 'rupp@indiana.edu’

Subject: RE: FutureGen application

John,

Sorry for the mix-up. | was talking to Rob about whether or not the ISGS could give us their opinion
of the site characterization at the FutureGen site. For some reason, on a spreadsheet we have



mailto:mcdonald.jeffrey@epa.gov



from our meeting a couple of years ago, when | click on his email address, it put your email address
in (hence the mix-up). Since Rob is in the thick of the lllinois basin and with their project, we
thought they would be a good resource for this. This is asking for a favor of course and he needs
to consider if there are any conflicts of interest that might preclude their helping us with this. If
there are problems, | might be asking for your help yet again. | hope this is something you would
consider. | can talk to you more about what we are doing if you have some time.

I hope all is well. I'd love to stop down sometime to visit. | remember how nice Bloomington was
when my brother was going to school there. Anyway, I'll give you a call sometime.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Thursday, November 14, 2013 4:40 PM
To: 'rupp@indiana.edu’

Cc: Greenhagen, Andrew

Subject: FutureGen application

Rob,

It was good talking to you. Here are the links to our site with the application (sorry for the big file).
Section 2 is the section on site characterization.

Jeff
http://www.epa.gov/rSwater/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "rupp@indiana.edu”

Subject: RE: FutureGen application

Date: Thursday, November 14, 2013 4:54:00 PM
John,

Sorry for the mix-up. | was talking to Rob about whether or not the ISGS could give us their opinion
of the site characterization at the FutureGen site. For some reason, on a spreadsheet we have
from our meeting a couple of years ago, when | click on his email address, it put your email address
in (hence the mix-up). Since Rob is in the thick of the lllinois basin and with their project, we
thought they would be a good resource for this. This is asking for a favor of course and he needs
to consider if there are any conflicts of interest that might preclude their helping us with this. If
there are problems, | might be asking for your help yet again. | hope this is something you would
consider. | can talk to you more about what we are doing if you have some time.

I hope all is well. I'd love to stop down sometime to visit. | remember how nice Bloomington was
when my brother was going to school there. Anyway, I'll give you a call sometime.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Thursday, November 14, 2013 4:40 PM
To: 'rupp@indiana.edu’

Cc: Greenhagen, Andrew

Subject: FutureGen application

Rob,

It was good talking to you. Here are the links to our site with the application (sorry for the big file).
Section 2 is the section on site characterization.

Jeff
http://www.epa.gov/r5water/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf
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Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "ru indiana.edu"

Cc: Bayer, MaryRose; Greenhagen, Andrew

Bcc: Inci Demirkanli; Jann. Steven; Perenchio. Lisa
Subject: RE: FutureGen application

Date: Thursday, November 21, 2013 4:51:00 PM
John,

Thanks for considering looking at the geological characterization section (Section 2) from the
FutureGen 2.0 permit applications. Although there are four proposed wells (and technically four
applications), Section 2 applies to the project. Below is an excerpt from our SOP with some
guidelines and questions for consideration. We would like to get a preliminary review of this
section by mid-December if at all possible. | know this might be a relatively short time, but a
preliminary review will give us confidence that the input parameters for the model are acceptable.

Thanks again and call me if you have any problems or questions,
Jeff
http://www.epa.gov/rSwater/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

From:

StaNDARD Procepures FoR Ciass VI PermiT AppLicaTiON RevViEWS

Preliminary evaluation: Review the geologic data submitted by the applicant for completeness,
guality, and representativeness of the site. Also identify any additional information needed to
support a full technical evaluation (e.g., data on additional zones, data on geochemistry, etc.). The
data may be in a variety of formats, and must be submitted about the following geologic aspects of
a proposed site:

e Regional geology and geologic structure (required at 40 CFR 146.82(a)(3)(i,vi)). This
information will likely be provided in maps and cross sections of the AoR and narrative
reports, and may be supported by geophysical survey data or well logs.

e Geochemistry (40 CFR 146.82(a)(6)), including baseline geochemical data on subsurface
formations. This information will be submitted as results of geochemical analyses of
subsurface formations (e.g., fluid chemistry and bulk chemical analyses), geochemical
models developed by the applicant, or historical water quality information.

e Structure/geomechanics (40 CFR 146.82(a)(3)(ii, iv)), including information on fractures,
stress, ductility, rock strength, capillary pressure, and in situ fluid pressures within the
confining zone(s) and the location, orientation, and properties of known or suspected faults
and fractures that may transect the confining zone(s) in the AoR. This may be submitted as
narrative reports, core sample analyses, geophysical survey results, or cross sections.
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Mineralogy/petrology/lithologic information of the injection and confining zones (40 CFR
146.82(a)(3)(iii)), including porosity and permeability, and their depth and thickness. This
will be submitted based on/in the form of stratigraphic cross sections, isopach/isochore
maps, analysis of geologic cores, outcrop data, well logs, or geophysical survey data.
Hydrology and hydrogeology (40 CFR 146.82(a)(5)), including narrative descriptions of
USDWs and the direction of water movement; or maps indicating USDWs, water wells, and
springs in the AoR.

Seismic history, including the presence and depths of seismic sources in the area (40 CFR
146.82(a)(3)(v)). Information may include maps of seismic sources, reports on seismic
history or events, or seismic risk models.

The Site Characterization Guidance provides additional detail about the types and formats of site
characterization information that Class VI permit applicants may submit.

Evaluating the geologic data submitted by the applicant should involve asking the following

questions:

Were appropriate testing methods used and were a sufficient number of parameters
analyzed?

Were surveys performed at an appropriate resolution or scale; does regional information
cover the entire AoR?

Are the data and results of high quality, properly collected, valid, and properly referenced?
Do testing and analytical results demonstrate that relevant formations (e.g., the injection
or confining zone) have appropriate properties that will allow them to receive and confine
the anticipated volumes of carbon dioxide?

Are results representative of the site, i.e., are samples or historical data taken from
sufficiently close to the well and are the formations laterally homogeneous?

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Thursday, November 14, 2013 4:54 PM
To: 'rupp@indiana.edu’

Subject: RE: FutureGen application

John,

Sorry for the mix-up. | was talking to Rob about whether or not the ISGS could give us their opinion
of the site characterization at the FutureGen site. For some reason, on a spreadsheet we have





from our meeting a couple of years ago, when | click on his email address, it put your email address
in (hence the mix-up). Since Rob is in the thick of the lllinois basin and with their project, we
thought they would be a good resource for this. This is asking for a favor of course and he needs
to consider if there are any conflicts of interest that might preclude their helping us with this. If
there are problems, | might be asking for your help yet again. | hope this is something you would
consider. | can talk to you more about what we are doing if you have some time.

I hope all is well. I'd love to stop down sometime to visit. | remember how nice Bloomington was
when my brother was going to school there. Anyway, I'll give you a call sometime.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Thursday, November 14, 2013 4:40 PM
To: 'rupp@indiana.edu’

Cc: Greenhagen, Andrew

Subject: FutureGen application

Rob,

It was good talking to you. Here are the links to our site with the application (sorry for the big file).
Section 2 is the section on site characterization.

Jeff
http://www.epa.gov/rSwater/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Bayer, MaryRose

Bcc: Smith, Robert H; Saieh, Patrick; McAuliffe, Mary
Subject: RE: IR4_01-14-2014 for the FGA permit applications
Date: Tuesday, January 14, 2014 4:49:00 PM

Tyler,

One more point that | forgot to add was the apparent typos on figures 4.4 and 4.5. On those, it lists 3400’ of 7” casing. Since the production casing has
to at least be through the top of the Eau Claire at 3426’, we know this is wrong. The amount of 7” should also vary based upon the type of completion
being evaluated (i.e., a cased hole will have approx. 6000’ of 7” casing). I'll add this to the spreadsheet under IR4.

Thanks again,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Tuesday, January 14, 2014 3:52 PM

To: 'Gilmore, Tyler J'

Cc: Greenhagen, Andrew; Bayer, MaryRose

Subject: IR4_01-14-2014 for the FGA permit applications

Tyler,
Here is some additional questions/comments that we had looking at the applications. After you look at them, can you let me know approximately how
long you anticipate the FGA/PNNL will need to respond?

Thanks,
Jeff
Appl. Appl.
RAIl or item # Subject Page Section. EPA Comment / Question / Request FutureGen Response

“Actual products may vary from
those described above.” This
language is problematic in that the
regulations require that the Director
approve the annular fluid. Although
01-14-14_1 we are not precluding any potential
changes in the future, please provide
the single, anticipated choice for this
matter so that the EPA can decide if
Construction and Operations it meets the regulatory

- Annulus fluids 4.13 4.2.5 requirements.

Although you may be considering
both open-hole completions or
cased-hole completions, a decision
on this matter needs to be made
before any permit decision. Although
01-14-14 2 we are not precluding any potential
changes in the future, please provide
the single, anticipated choice for this
matter so that the EPA can decide if
Construction and Operations | 4.15 to 4.2.7 and | it meets the regulatory

- Open vs cased inj. Zone 4.18 4.2.8 requirements.

The EPA would like to see more
details on the pre-operational testing
plan discussed in this section. Some
data that will come out of this

01-14-14_3 . . .
formation testing (e.g., analysis of
Construction and Operations Mt. Simon, St. Peter and New
- Pre-operational formation Richmond formations) are important
testing plan 4.19 4.2.9 in review.

A stimulation plan has not been
submitted at this point. If one is
submitted soon, then It can be
evaluated prior to any permit
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01-14-14_4

Construction and Operations
- Stimulation plan

4.4

4.22

decision. If a permit is issued, a
stimulation plan can be included in
the record. If a stimulation plan is
submitted after a permit decision,
then a permit modification
(assuming a permit is issued) would
be required to add a stimulation
plan.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5
(312) 353-6288 [office]
(312) 408-2240 [direct fax]

nald.jeffr .gov
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From: McDonald, Jeffrey

To: “Gilmore, Tyler J"

Ce: ; Si 3 ; Nimmons, Michael J; Appriou, Delphine; Lanigan, David C.
Subject: RE: IR5 01-16-14 regarding the ERRP that would go into any potential permit

Date: Thursday, January 16, 2014 4:52:00 PM

Tyler,

Thanks. Actually, if we could use your conference number, I'd appreciate it.
And thanks again for helping with our call with Ken, Tinka, etc.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]

Sent: Thursday, January 16, 2014 4:21 PM

To: McDonald, Jeffrey

Cc: Deardorff, Jason; Simmons, Lillateese; Short, Steve M; Nimmons, Michael J; Appriou, Delphine; Lanigan, David C
Subject: Re: IR5 01-16-14 regarding the ERRP that would go into any potential permit

Jeff,

We are available tomorrow for a phone discussion (11am CST). Some of the questions may take more than a phone call, but we can work
through each of them. Will you set the call up? If not | have a conference number we can use, just let me know.

Thanks

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>

Date: Thursday, January 16, 2014 10:23 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Deardorff, Jason" <Deardorff.Jason@epa.gov>, "Simmons, Lillateese" <simmons.lilly@epa.gov>
Subject: IR5 01-16-14 regarding the ERRP that would go into any potential permit

Tyler,

Here are some questions regarding the Emergency and Remedial Response Plan (ERRP). Lilly and Jason feel that some of these might be resolvable over the phone.
Would you have time to talk at either 4pm CST today or 11am CST tomorrow?

Jeff

Appl. Appl.
RAl or item # Subject Page Section. EPA Comment / Question / Request FutureGen Response

Please assign a relative risk
measurement to each emergency
scenario discussed in the application
and if the event has the potential to
cause varying levels of risk depending
Emergency and Remedial on severity and/or circumstances, please
Response (ERR) Plan explain this.

01-16-14_1

Please provide a table listing
operational positions and what specific
Emergency and Remedial ERR training will be provided to each
Response (ERR) Plan position

01-16-14_2

Please link emergency response
procedures and emergency scenarios in
the ERR Plan to procedures in the
Emergency and Remedial Testing and Monitoring Plan where
Response (ERR) Plan appropriate.

01-16-14_3

ERR scenarioof monitoring well
malfunction: It seems there should be a
distinction between a monitoring well
malfunction that requires an emergency
response (monitoring well mechanical
integrity failure) and a device
01-16-14_4 malfunction that requires repair.
Additionally, is there a backup
monitoring scheme in the event of an
equipment failure at one or more wells?
(e.g., temporary use of manual
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Emergency and Remedial
Response (ERR) Plan

measurements down hole or changes in
the Testing and Monitoring Plan to
compensate for non-functioning
monitoring wells)

01-16-14_5

Emergency and Remedial
Response (ERR) Plan

Regarding ERR scenario of a loss of Ml
of the injection well: Does this assume
an uncontrollable loss of MI that cannot
be re-established? If so, how does grout
or chemical sealant barrier in an
adjoining well stop fluid movement via
vertical channelsalong the wellbore of
the injection well? Does the adjoining
well intersect the leaking injection
well?

01-16-14_6

Emergency and Remedial
Response (ERR) Plan

Please provide a potential response
addressing fluid movement into each of
the monitored USDWs individually. If
the appropriate response procedures are
identical for each, please attest to this.

01-16-14_7
Emergency and Remedial

Response (ERR) Plan

Please include the ERR scenario of
CO2 moving rapidly and unexpectedly
in one direction and finding conduits
for upward movement beyond the AOR.

01-16-14_8

Emergency and Remedial
Response (ERR) Plan

ERR scenario of an earthquake:What
are the procedures or protocols for
determining whether harm has occurred
and/or determining causation of the
earthquake? Are response procedures
different for different magnitudes of
seismic event?

01-16-14_9

Emergency and Remedial
Response (ERR) Plan

Discuss with FG that the EPA Director
will authorize injection once all
requirements have been met (the
application states that FutureGen will
inform the Director when injection is
scheduled to begin).

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5
(312) 353-6288 [office]
(312) 408-2240 [direct fax]

nald.jeffr .gov
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From: McDonald, Jeffrey

To: "Finley, Robert J"

Cc: McKay, E Donald

Bcc: Greenhagen, Andrew

Subject: RE: ISGS of FG

Date: Monday, November 18, 2013 8:50:00 AM
Rob,

Thanks. | understand. | know you would have given an honest, unbiased review. However, we all know
that avoiding any conflict or even appearance of conflict of interest is crucial to maintaining the public
trust. This may be more important with projects like these that will no doubt be given extra scrutiny.

Thanks again and I'll give John a call.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

----- Original Message-----

From: Finley, Robert J [mailto:finley@illinois.edu]
Sent: Monday, November 18, 2013 5:56 AM

To: McDonald, Jeffrey

Cc: McKay, E Donald

Subject: I1SGS of FG

Jeff

I spoke to Director McKay regarding your request to review the FutureGen geology. He feels that since
we were funded by PNNL for some groundwater work and there remain unexpended funds on the
contract, we should not be the ones to further do this review. As | suspected he prefers that you
contact John Rupp at the Indiana Survey.

Regards

Rob

Sent from my iPhone

Robert J. Finley
finley@illinois.edu
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew

Subject: RE: Informal Request #5 EPA_IR5

Date: Wednesday, January 29, 2014 8:38:00 AM
Tyler,

Thanks. I'll pass these along and make sure we are getting back to you ASAP with any issues.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Tuesday, January 28, 2014 6:03 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Informal Request #5 EPA_IR5

Jeff,

Attached are our responses to your informal request number 5 which by our
numbering scheme is; EPA_IR5_FG-RPT-017-Revl. This is related to your
comments on our Emergency and Remedial Response Plan. We reworked the
plan to address your comments which is attached as "Chap_8" and have also
attached the comment response table. Please call if you have any questions.

Thanks
Tyler
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From: McDonald, Jeffrey

To: “Gilmore. Tyler J*

Cc: Greenhagen, Andrew

Subject: RE: Informal Request (IR) # 3 (IR3-01-10-14)
Date: Friday, January 17, 2014 4:08:00 PM

Thanks, Tyler.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, January 17, 2014 4:06 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Re: Informal Request (IR) # 3 (IR3-01-10-14)

Jeff,

Attached are our responses to the Informational request below, (IR) # 3 (IR3-01-10-14). Please call if you have any questions.
Thanks

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffre a.gov>
Date: Friday, January 10, 2014 12:38 PM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew" <Greenhagen.Andrew .gov>
Subject: Informal Request (IR) # 3 (IR3-01-10-14)

Tyler,

Here are some comments/questions that we have for you and the applicant (FGA). | will gladly talk to you today, Monday, or whenever to clarify any
questions you might have with these. As you can see, | copied this from our internal tracking. We will distinguish formal RAls from informal requests (IRs),
hence this being called IR #3. Do you think that a response to these could be sent back to us by the end of next week?

Thanks,
Jeff
Appl.
RAl or item # Subject Appl. Page Section. EPA Comment / Question / Request FutureGen Response
It appears that FutureGen will not be
making a demonstration for an
01-10-14_1 A-Iternative PISC 71 70 alternative PISC period (other thar.1 the
timeframe 50 year default). We assume that if

FutureGen makes a demonstration for a
PISC other than the 50 year default, this
will happen in the future. Is this correct?

This bullet point states that pressure
gauges will be pulled and recalibrated
during a well workover, when the
injection and monitoring well tubing is
pulled. Question: Is this frequency of
pressure monitor calibration adequate?
01-10-14_2 Testing and Monitoring 5.25 5.2.3.3 How often does Future Gen anticipate it
will pull the tubing of the well? We think
that redundant gauges should be run to
provide confirmation of downhole
pressure and temperature. If you agree,
what frequency and/or duration will you
have both gauges in place to support
this?
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01-10-14_3

Fig. 2.11

Figure 2.11 shows a fracture gradient of
0.647 psi/ft for the EImhust formation.
Therefore, the maximum injection
pressure must be calculated using the
lowest fracture gradient of the EImhust
formation of 647psi/ft x 0.9=.5823

P max at the wellhead=[{0.5823-
(.433)(.8322)}3867.9]-14.7=844psig

Where: From table 4.2, the density of
the CO2 is 51.95 #/ft3, therefore, the
specific gravity = 51.95/62.42=0.8322

The maximum injection pressure in the
injection zone =
(0.433)(0.8322)(3867.9)+844=2238psig
From Table 4.3, the maximum bottom-
hole injection pressure is 2358psi

Please provide details information about
the equation and parameters used to
come up with a maximum injection
pressure of 1847 psi

01-10-14_4

PISC

7.1

7.1

The FGA plans to calibrate the
computational modeling used for the
AoR and PISC with monitoring data once
operational, however it is unclear if
there is a schedule that the FGA plans to
use for this purpose. The regulations
require reevaluations every 5 years, but
will the FGA conduct model calibration
prior to that anniversary or more
frequently, and if so, when or with what
frequency?

01-10-14_5

PISC

3.27t03.34

7.1.3 and
3.1.6

The computational model results
indicate that a small fraction of the
injected CO2 will enter the lower part of
the Lombard formation. If authorized
under any UIC permits, the injection
zone will need to include that lower part
of the Lombard. Please determine what
members or submembers of the
Lombard are expected to receive CO2
and will therefore be part of any
permitted injection zone.

01-10-14_6

PISC and T&M

7.5

7.2and
5.2

Specific locations of monitoring wells
need to be identified for any permit
decision including what specific
parameters will be monitored for.

01-10-14_7

PISC and T&M

7.5

7.2.2

Please state whether FGA will use a
“multi-level monitoring system within a
single casing string with multiple sample
intervals” or a “multi-level piezometer
installation.”

01-10-14_8

PISC and T&M

7.6

7.2.3 and
5.2

Please indicate which method the FGA
intends to use to compy with the
requirements for indirect CO2 plume
monitoring (40 CFR 146.90(g)). Please
ensure that this covers both the injection
and post injection phases of the project.

01-10-14_9

PISC and T&M

7.9

The site closure plan should name the
specific agencies who will be notified of
site closure and verify that no tribal
authorities must be included per 40 CFR
146.93(f)(2).






Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne; Tiago, Joseph
Subject: RE: Information on Insurance Requirements
Date: Thursday, February 06, 2014 1:20:00 PM
Tyler,

Thanks. Joe is free around 3pm Eastern (assuming no flight delays) to participate in a call with all of
us. I'll let you set this up if that is ok.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Wednesday, February 05, 2014 6:38 PM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne

Subject: Information on Insurance Requirements

Jeff and Molly,

Below is the additional information that we have gathered on Insurance since our
conference call last week. We would like to schedule a followup conference call to discuss
in more detail, are you available this Friday? Our preference would be to have it after
3pm Eastern time if that is possible. Please let me know.

Thanks

Tyler

Lucy Swartz and Paul Champaign talked with our insurance brokers, Penny Goodwin and
Patrick McGuire of McGriff, Siebels & Williams. Also on the phone at their request was
Shirleen Laubenthal of AlG, who has experience in placing CCS insurance. Below are notes
from that call:

« With respect to cancellation and the requirements of 40 CFR
146.85(a)((4)(1)(A), a policy can be written to (1) provide 120 days notice
prior to cancellation for non-payment of the premium; (2) address EPA's
concern regarding cancellation in the event of material misrepresentation by
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the insured or upon the insured's failure to comply with the conditions of
the policy; (3) explain the meaning of "change in use or change in
operations" and its implications for continued coverage of emergency and
remedial response costs; and (4) provide written notice of cancellation to
the insured and UIC Program Director.

With respect to renewal, insurers will not write a CCS policy that will auto-
renew, although there could be a 90 to 120 notice of a decision not to
renew, allowing the insured time to acquire new insurance. Insurers need to
be able to tailor their coverage and re-underwrite exposures if those
exposures have changed over the time the policy has been in place. Once an
insurer is selected, it will be possible to provide proof of the insurer's
financial strength and demonstrate that the insurer is an independent third
party.

A certificate of insurance is provide after a policy is in place and the
premium has been paid. To obtain an insurance policy for activities that will
not occur for a few years (i.e., CO2 injection) requires payment of fees to an
insurance company to reserve the capacity for the future. In general,
insurers can provide a quote approximately 21 days following submission of
an application. Once the insurance company is selected, it would take 30 to
60 days for the binder and policy to be issued after the premium was paid.

« The exclusions for noncompliance include intentional noncompliance.
Although EPA raised the concern that many events requiring the need for an
emergency response would technically be violations of the Class VI rule or a
UIC permit, AlG noted that the exclusion relates to intentional
noncompliance and that no insurer will write a policy to insure actions
caused by the insured's willful violation of regulations. Also, the intentional
noncompliance must be proved by the insurer. Minor changes to the
exclusion provision can be made to make this point clear.

With respect to bankruptcy, a claim against the policy can still be made as
long as the premium is paid regardless of whether the insured is in
bankruptcy. There is no cancellation for bankruptcy and the policy includes
an assignments provision.

+ There would be a minimum $250K deductible, although the insurer would
pay for the emergency or remedial response action (pay on first dollar) and
then go back to the insured for the deductible amount.





In a previous paper, the Alliance proposed that a UIC permit be conditioned on a
certificate of insurance obtained prior to the start of CO2 injection. Prior to
issuance of a draft permit decision, the Alliance could provide EPA with
information regarding the steps the Alliance has taken to identify insurers,
information about the financial strength and independence of those insurers, and
the steps the Alliance will take prior to injection to obtain a certificate of
insurance that meets EPA's Class VI UIC permit requirements.






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne; Tiago, Joseph; Greenhagen, Andrew
Subject: RE: Information on Insurance Requirements

Date: Thursday, February 06, 2014 3:09:00 PM

I’'m free Monday and Tuesday up to 4pm Central. Tuesday | have a noon call though.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Thursday, February 06, 2014 3:07 PM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne; Tiago, Joseph
Subject: Re: Information on Insurance Requirements

Could we postpone this until Monday? We are working to get the Insurance
Brokers scheduled and everybody's schedules are sounding too tight. Are there
times next week that will work for EPA?

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>

Date: Thursday, February 6, 2014 11:20 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>, "Bayer, MaryRose" <Bayer.MaryRose@epa.gov>
Cc: Lucy Swartz <LLS@LucindalowSwartz.com>, Paul Champagne <ptchampagne@verizon.net>,
"Tiago, Joseph" <Tiago.Joseph@epa.gov>

Subject: RE: Information on Insurance Requirements

Tyler,

Thanks. Joe is free around 3pm Eastern (assuming no flight delays) to participate in a call with all of
us. I'll let you set this up if that is ok.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov
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From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Wednesday, February 05, 2014 6:38 PM

To: McDonald, Jeffrey; Bayer, MaryRose
Cc: Lucy Swartz; Paul Champagne
Subject: Information on Insurance Requirements

Jeff and Molly,

Below is the additional information that we have gathered on Insurance since our
conference call last week. We would like to schedule a followup conference call to discuss
in more detail, are you available this Friday? Our preference would be to have it after
3pm Eastern time if that is possible. Please let me know.

Thanks

Tyler

Lucy Swartz and Paul Champaign talked with our insurance brokers, Penny Goodwin and
Patrick McGuire of McGriff, Siebels & Williams. Also on the phone at their request was
Shirleen Laubenthal of AlG, who has experience in placing CCS insurance. Below are notes
from that call:

« With respect to cancellation and the requirements of 40 CFR
146.85(a)((4)(I)(A), a policy can be written to (1) provide 120 days notice
prior to cancellation for non-payment of the premium; (2) address EPA's
concern regarding cancellation in the event of material misrepresentation by
the insured or upon the insured's failure to comply with the conditions of
the policy; (3) explain the meaning of "change in use or change in
operations" and its implications for continued coverage of emergency and
remedial response costs; and (4) provide written notice of cancellation to
the insured and UIC Program Director.

« With respect to renewal, insurers will not write a CCS policy that will auto-
renew, although there could be a 90 to 120 notice of a decision not to
renew, allowing the insured time to acquire new insurance. Insurers need to
be able to tailor their coverage and re-underwrite exposures if those
exposures have changed over the time the policy has been in place. Once an
insurer is selected, it will be possible to provide proof of the insurer's
financial strength and demonstrate that the insurer is an independent third
party.

« A certificate of insurance is provide after a policy is in place and the
premium has been paid. To obtain an insurance policy for activities that will
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not occur for a few years (i.e., CO2 injection) requires payment of fees to an
insurance company to reserve the capacity for the future. In general,
insurers can provide a quote approximately 21 days following submission of
an application. Once the insurance company is selected, it would take 30 to
60 days for the binder and policy to be issued after the premium was paid.

« The exclusions for noncompliance include intentional noncompliance.
Although EPA raised the concern that many events requiring the need for an
emergency response would technically be violations of the Class VI rule or a
UIC permit, AlG noted that the exclusion relates to intentional
noncompliance and that no insurer will write a policy to insure actions
caused by the insured's willful violation of regulations. Also, the intentional
noncompliance must be proved by the insurer. Minor changes to the
exclusion provision can be made to make this point clear.

« With respect to bankruptcy, a claim against the policy can still be made as
long as the premium is paid regardless of whether the insured is in
bankruptcy. There is no cancellation for bankruptcy and the policy includes
an assignments provision.

« There would be a minimum $250K deductible, although the insurer would
pay for the emergency or remedial response action (pay on first dollar) and
then go back to the insured for the deductible amount.

In a previous paper, the Alliance proposed that a UIC permit be conditioned on a
certificate of insurance obtained prior to the start of CO2 injection. Prior to
issuance of a draft permit decision, the Alliance could provide EPA with
information regarding the steps the Alliance has taken to identify insurers,
information about the financial strength and independence of those insurers, and
the steps the Alliance will take prior to injection to obtain a certificate of
insurance that meets EPA's Class VI UIC permit requirements.






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Subject: RE: Insurance Discussion

Date: Thursday, December 19, 2013 2:50:00 PM
Tyler,

On the phone with you this afternoon, | mentioned that we were hoping to have something from
ADM on a plan to evaluate/communicate/act on any seismic events as part of their ERRP. We could
share with FG if we liked it. However, we have not seen ADM’s plan yet, so you should be thinking
about something similar for FG. | also mentioned that we might be sending you an e-mail with a
list of items that would normally go into a NOD/RAI, but this way it would be to you much faster.
Related to the plan, we have heard about some issues with shutting in GS wells too quickly. This is
something you might want to consider. That is, if FG needs to shut a well in for some reason, how
might the well be gradually shut in to avoid creating additional problems.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Thursday, December 19, 2013 11:46 AM

To: McDonald, Jeffrey

Subject: Insurance Discussion

Hi Jeff,
Are you available for a phone discussion on what EPA wants to see by way of insurance
before a permit would be issued?

Friday would work best for our FutureGen Alliance rep, Lucy Swartz and our insurance
advisor.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 3717171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Bayer, MaryRose
Subject: RE: Insurance and Trust Fund Followup
Date: Monday, January 27, 2014 11:21:50 AM
Importance: High

Tyler,

Thanks.

On an unrelated topic, we are working to develop a draft Testing and Monitoring plan (and
PISC, etc. too). Most of the data gaps identified in the draft T&M plan are also in the T&M
/ PISC spreadsheet we sent to you recently. If we get the spreadsheet back early this week,
we can try to fill in most of those gaps into the draft plan before we send it to you for your
input. If the spreadsheet comes back later in the week, maybe we should send the draft
T&M plan early this week so that you can address them together. What do you think?

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J <Tyler.Gilmore@pnnl.gov>
Sent: Monday, January 27,2014 11:12 AM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne

Subject: Insurance and Trust Fund Followup

Morning Jeff and Molly,

We are shooting to have all the material you need to evaluate our application before
Friday (end of January!). One of the items that | wanted to circle back around to is on the
Insurance and Trust Fund requirements. Do you have time early this week to discuss?
Some suggested times are today at 5pm, tomorrow at 4pm or later, and Wednesday at
4pm or later — all times Eastern. Please let us know your availability to discuss.

Thanks

Tyler

Tyler Gilmore

Earth Systems Science Division
Pacific Northwest National Laboratory
Tel: 509-371-7171

Cell: 509-430-9898
tyler.gilmore@pnnl.gov

www.pnl.gov
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Bayer, MaryRose; Batka, Allan; Elkins, Timothy
Subject: RE: Insurance and Trust Fund Followup

Date: Monday, January 27, 2014 12:10:41 PM

Agreed. Thanks.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J <Tyler.Gilmore@pnnl.gov>
Sent: Monday, January 27,2014 12:02 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew; Bayer, MaryRose
Subject: Re: Insurance and Trust Fund Followup

Jeff,

We are almost done with populating the missing pieces on the PISC spreadsheet and
should have that back to you either this afternoon or tomorrow. It might be good for you
to first see what we are providing on the PISC form in case you had comments or wanted
revisions to that.

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>
Date: Monday, January 27, 2014 9:21 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew" <Greenhagen.Andrew@epa.gov>, "Bayer, MaryRose"

<Bayer.MaryRose@epa.gov>

Subject: RE: Insurance and Trust Fund Followup

Tyler,

Thanks.

On an unrelated topic, we are working to develop a draft Testing and Monitoring plan (and
PISC, etc. too). Most of the data gaps identified in the draft T&M plan are also in the T&M
/ PISC spreadsheet we sent to you recently. If we get the spreadsheet back early this week,
we can try to fill in most of those gaps into the draft plan before we send it to you for your
input. If the spreadsheet comes back later in the week, maybe we should send the draft
T&M plan early this week so that you can address them together. What do you think?

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5
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(312) 353-6288
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J <Tyler.Gilmore@pnnl.gov
Sent: Monday, January 27, 2014 11:12 AM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Lucy Swartz; Paul Champagne

Subject: Insurance and Trust Fund Followup

Morning Jeff and Molly,

We are shooting to have all the material you need to evaluate our application before
Friday (end of January!). One of the items that | wanted to circle back around to is on the
Insurance and Trust Fund requirements. Do you have time early this week to discuss?
Some suggested times are today at 5pm, tomorrow at 4pm or later, and Wednesday at
4pm or later — all times Eastern. Please let us know your availability to discuss.

Thanks

Tyler

Tyler Gilmore
Earth Systems Science Division
Pacific Northwest National Laboratory

Tel: 509-371-7171
Cell: 509-430-9898
tyler.gilmore nnl.gov

www.pnl.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Subject: RE: Plugging and Abandonment Plan Revision

Date: Friday, February 14, 2014 9:27:00 AM

Tyler,

Thanks. We'll take a look at get back to you as soon as possible.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Thursday, February 13, 2014 6:25 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Plugging and Abandonment Plan Revision

Jeff,

Attached are our responses to your request to modify our Plugging and
Abandonment forms and plan (IR9_01-31-2014). Please call if you have any
guestions.

Thanks

Tyler
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Bcc: Bayer. MaryRose; McAuliffe, Mary; Krueger. Thomas
Subject: RE: Quick Answer

Date: Friday, January 31, 2014 4:25:00 PM

Tyler,

Thanks. Like | mentioned, we know that’s been an issue that has come up through the years and |
wasn’t certain how FGA was intending to address it. To memorialize the other topics:

We've been discussing at EPA the financial responsibility issues related to these
applications. We have an internal call Tuesday morning on this issue and I’ll call you
afterwards with hopefully some resolutions to the issues previously discussed.

Once we add the information from the spreadsheet you recently sent us with Testing &
Monitoring and PISC information into the draft T&E and PISC plans, we will give those draft
plans to you for your review.

| sent a marked up Plugging & Abandonment plan to you today (via email) showing where
some changes are needed. One is to reflect the decision to have the holes cased through
the injection zone (the plans currently state open-hole). The other is just some small
changes in the form that will make them consistent with how we use them in our program.
You told me that you ran the critical pressure calculations using the newer methods from
LBNL. The results are slightly different from what was previously submitted and that you
will send that to us today or maybe Monday.

Thanks again and have a good weekend,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, January 31, 2014 3:28 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Quick Answer

Jeff,

| wanted to followup with a quick answer to your question this morning on our

annular pressurization system. The system is designed to maintain in the annulus

a pressure that is at least 100 psi greater than the pressure inside the injection
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tubing. The 100psi differential will be maintained over the entire depth of the
injection well, from the well head to the injection interval. We'll pull together
additional information for you that provides our planned operational pressure

ranges as well as a predicted pressure gradient both inside the injection tubing
and within the annulus for comparison.

| hope this quick answer addresses your immediate needs.
Thanks

Tyler






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Bcc: Bayer, MaryRose

Subject: RE: RAI #1 Responses

Date: Tuesday, December 10, 2013 8:36:00 AM
Tyler,

| would send it again. This time send it to:

Stephen Jann, Acting Branch Chief
UIC Branch

USEPA — Region 5

Mailcode: WU-16J

77 West Jackson Blvd.

Chicago, IL 60604

I’'m wondering if the lack of mailcode made the difference, but the mailroom should have been
able to track us down. However, if it never got signed for, it sounds like it never reached our
building.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]
Sent: Friday, December 06, 2013 3:48 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Re: RAI #1 Responses

Hi Jeff,

The certified letter we sent with the Request for Additional Information (RAI #1,
Oct 31) still has not been signed for. Were you able to find the letter or should
we resend via another route (e.g. Fed Ex) or to a different address or both?
Thanks

Tyler

From: Jeff McDonald <mcdonald.jeffrey@epa.gov>
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Date: Tue, 3 Dec 2013 08:35:07 -0800

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew" <Greenhagen.Andrew@epa.gov>
Subject: RE: RAI #1 Responses

Tyler,

We haven’t seen the hard copy and/or CD yet. Can you tell me when it went out and who it was
addressed to?

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]
Sent: Friday, November 22, 2013 2:07 PM

To: McDonald, Jeffrey
Subject: RAI #1 Responses

Hi Jeff,

Attached are our responses to your team's first Request for Additional
Information (RAI #1). We are also putting a hard copy in the mail along with a CD
which should arrive early next week.

We're currently working on the second request (RAI #2) and should have those
responses in early December. Please call if you have any questions.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Subject: RE: RAI #1 Responses

Date: Friday, November 22, 2013 2:25:00 PM
Tyler,

Thanks. We'll start looking at it right away.
By the way, Rebecca Harvey is currently being assigned other work, so future submissions should
be addressed to Stephen M. Jann, Acting Branch Chief.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]
Sent: Friday, November 22, 2013 2:07 PM

To: McDonald, Jeffrey

Subject: RAI #1 Responses

Hi Jeff,

Attached are our responses to your team's first Request for Additional Information
(RAI #1). We are also putting a hard copy in the mail along with a CD which should
arrive early next week.

We're currently working on the second request (RAI #2) and should have those
responses in early December. Please call if you have any questions.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew

Bcc: Bayer, MaryRose

Subject: RE: RAI #1 Responses

Date: Tuesday, December 03, 2013 10:35:00 AM
Tyler,

We haven’t seen the hard copy and/or CD yet. Can you tell me when it went out and who it was
addressed to?

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]
Sent: Friday, November 22, 2013 2:07 PM

To: McDonald, Jeffrey

Subject: RAI #1 Responses

Hi Jeff,

Attached are our responses to your team's first Request for Additional
Information (RAI #1). We are also putting a hard copy in the mail along with a CD
which should arrive early next week.

We're currently working on the second request (RAIl #2) and should have those
responses in early December. Please call if you have any questions.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Subject: RE: Salinity in Ironton Sandstone

Date: Wednesday, December 11, 2013 2:56:00 PM
Thanks.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:tyler.gilmore@pnnl.gov]
Sent: Friday, December 06, 2013 3:43 PM

To: McDonald, Jeffrey

Subject: Salinity in Ironton Sandstone

Jeff,

In follow-up to our phone conversation last week where you asked the question if we had a
resistivity log for the Ironton-Galesville Fm and if we used the resistivity log to calculate
salinity for the formation. The short answers are yes, and yes. Below is more information
on how we derived salinity for the Ironton-Galesville Fm. A log derived value for salinity
was determined and checked against literature values for verification.

1) Schlumberger provided a salinity log from the stratigraphic well in what is called the
“ELAN log”. This “calculated salinity” log is computed from the resistivity and porosity
(with a function of temperature). After discussions between experts from the FutureGen
team and Schlumberger, it appears that the “calculated salinity” values need to be used
cautiously since assigning specific salinity concentration levels for a particular formation
could be an over-extension of wireline log information.

Since no other value is currently available for the Ironton-Galesville formation, an
arithmetic mean of the Schlumberger “calculated salinity” was determined and reaches
14.88 g/kg (depth 3330 to 3438.5 ft KB). The resistivity data from the ELAN log is included
in an attached graphic along with several other geophysical log results coming from the

Il

Schlumberger ELAN log along with plotted sidewall core data points.

2) Salinity data on the Ironton-Galesville aquifer in the literature in the vicinity of the
FutureGen site is sparse. According to Kolata and Nimz (2010) and Lloyd and Lyke (1995),
the Ironton-Galesville is the most consistently productiveaquifer in the northern third of
Illinois. However, in the remainder of thestate, groundwater in the Ironton-Galesville is too
highly mineralized for most uses (see attached map Ironton-Galesville-TDS_Lloyd1995 V1).
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The FutureGen 2.0 injection site is located to the southeast of the 10,000 mg/Idissolved-
solids concentration line. The salinity value determined using Schlumberger computed log is
consistent with what is known regionally.

Please call if you have any other questions.
Thanks
Tyler






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Subject: RE: Second Request for Additional Information (RAI #2)
Date: Tuesday, December 31, 2013 1:05:00 PM

Tyler,

Thanks. That will help a lot. And the vacation was great. Quite the contrast from the bitter cold in
Chicago now.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]

Sent: Tuesday, December 31, 2013 12:35 PM

To: McDonald, Jeffrey

Subject: RE: Second Request for Additional Information (RAI #2)

Jeff,
Happy New Year to you! Hope you enjoyed your family vacation down south.

We'll append onto our comment response table the most recent request for information and forward the
table to you in Excel format on Thursday or Friday of this week. We are also very close to sending in
our responses to the latest request (December 23) and plan to transmit those to you this Friday as well.

Look forward to a busy January.
Tyler

From: McDonald, Jeffrey [mcdonald.jeffrey@epa.gov]

Sent: Tuesday, December 31, 2013 9:49 AM

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew

Subject: RE: Second Request for Additional Information (RAI #2)

Tyler,

Happy New Year. Is it possible to get the tables for both RAI #1 and #2 in their native Excel format?
As | may have told you, we are creating a spreadsheet to keep track of things we ask for and things
we get from you. This will include both the RAI letters and informal communications. Copying from
one spreadsheet into another would speed things up. We’re hoping that the spreadsheet will help
us keep track of issues, who is responsible to review responses and then by when. This will help
issues move along faster as well as facilitating informal requests.
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Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, December 13, 2013 3:45 PM

To: McDonald, Jeffrey
Subject: Second Request for Additional Information (RAI #2)

Hi Jeff,
Attached are our responses to your team's second Request for Additional

Information (RAI #2). We are also putting a hard copy in the mail along with a CD
which should arrive early next week.

This time we will use FedEx and address to Stephen Jann, the Acting Branch Chief
to hopefully alleviate the issue of sending the responses via USPS certified mail.

Please call if you have any questions.
Thanks
Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Subject: RE: Second Request for Additional Information (RAI #2)

Date: Monday, December 16, 2013 9:09:18 AM

Thanks. I've been out with a bad cold for a couple of days. I'll pass this along to everyone

so we can start getting into it.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J <Tyler.Gilmore@pnnl.gov>

Sent: Friday, December 13, 2013 3:45 PM

To: McDonald, Jeffrey

Subject: Second Request for Additional Information (RAI #2)

Hi Jeff,

Attached are our responses to your team's second Request for Additional Information (RAI
#2). We are also putting a hard copy in the mail along with a CD which should arrive early
next week.

This time we will use FedEx and address to Stephen Jann, the Acting Branch Chief to
hopefully alleviate the issue of sending the responses via USPS certified mail.

Please call if you have any questions.
Thanks
Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Subject: RE: Second Request for Additional Information (RAI #2)
Date: Tuesday, December 31, 2013 11:49:00 AM

Tyler,

Happy New Year. Is it possible to get the tables for both RAI #1 and #2 in their native Excel format?
As | may have told you, we are creating a spreadsheet to keep track of things we ask for and things
we get from you. This will include both the RAI letters and informal communications. Copying from
one spreadsheet into another would speed things up. We’re hoping that the spreadsheet will help
us keep track of issues, who is responsible to review responses and then by when. This will help
issues move along faster as well as facilitating informal requests.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, December 13, 2013 3:45 PM

To: McDonald, Jeffrey

Subject: Second Request for Additional Information (RAI #2)

Hi Jeff,

Attached are our responses to your team's second Request for Additional
Information (RAI #2). We are also putting a hard copy in the mail along with a CD
which should arrive early next week.

This time we will use FedEx and address to Stephen Jann, the Acting Branch Chief
to hopefully alleviate the issue of sending the responses via USPS certified mail.

Please call if you have any questions.
Thanks
Tyler

Tyler Gilmore
Battelle Manager FutureGen Storage Site
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Pacific Northwest National Laboratory
509 371 7171
509 430 9898 (cell)






From: McDonald, Jeffrey

To: "Gilmore. Tyler J"
Subject: RE: Timing of Trust Funding
Date: Tuesday, February 04, 2014 2:46:00 PM

I'll call you later this afternoon.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Tuesday, January 28, 2014 5:41 PM

To: McDonald, Jeffrey; Bayer, MaryRose

Subject: Timing of Trust Funding

Hi Jeff and Molly,
After our conference call we read again the white paper that you sent out for the

discussion;

Breakdown of Phases

The trust fund must be funded according to when the financial risks are incurred on the
project in three distinct activities:

Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually
need to be incurred. Therefore, the trust account should be funded with the cost of
plugging injection and monitoring wells as soon as drilling the well begins.

Injection:As soon as injection of CO, begins in the Class VI well(s), certain activities will
necessarily need to occur (corrective action that is performed on a phased basis, post-
injection site care and monitoring, and site closure). Therefore, the trust account should be
funded with the costs associated with these activities.

Post-Injection: While all costs must be covered at the start of the post-injection phase, the
trust account may phase out these costs as the activities are completed (with approval
from the UIC Program Director). For example, once wells have been plugged, their
corresponding plugging costs may be subtracted from the total value of the trust account.
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This doesn't say that the trust has to be funded before EPA will issue a draft decision. For
clarification, is this how you read the funding increments?
Thanks

Tyler






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Lucinda Low Swartz

Cc: Bayer, MaryRose; Greenhagen, Andrew; Krueger, Thomas; McAuliffe, Mary; Jaime Rooke
Subject: RE: Trust Agreement language for FGA FR

Date: Friday, February 28, 2014 11:15:00 AM

This is all. Thanks for asking.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Friday, February 28, 2014 5:27 AM

To: McDonald, Jeffrey; Lucinda Low Swartz

Cc: Bayer, MaryRose; Greenhagen, Andrew

Subject: RE: Trust Agreement language for FGA FR

Morning Jeff
We can made the suggested modifications but first wanted to check to see if we will be
receiving additional changes or if we should move forward for signature?

Thanks
Tyler

Ph 509.371.7171
cell 509.430.9898

From: McDonald, Jeffrey

Sent: Thursday, February 27, 2014 11:26:04 AM
To: Gilmore, Tyler J; Lucinda Low Swartz

Cc: Bayer, MaryRose; Greenhagen, Andrew
Subject: Trust Agreement language for FGA FR

Tyler and Lucy,

We had some additional “eyes” looking at the trust agreement language and propose the attached
new version.

Sorry for late changes, but we think they are worth addressing.

Let us know if you have any comments or questions,

Jeff

Jeffrey R. McDonald, Geologist
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Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Subject: RE: UIC Insurance Discussion

Date: Friday, February 07, 2014 4:27:00 PM
Tyler,

Would it be ok if | invited the two attorneys that are working with us on the FutureGen
applications to this call? Both Mary, and especially Tom have been instrumental in helping
us explore how we might be able to come up with solutions to our FR evaluation issues. |
understand that sometimes lawyers participating can have a stifling effect, so no offense if
you think it not best.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

————— Original Appointment-----

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, February 07, 2014 2:30 PM

To: Gilmore, Tyler J; McDonald, Jeffrey; Bayer, MaryRose; Paul Champagne; Lucinda Swartz; Penny
Goodwyn; PMaguire@McGriff.com; Greenhagen, Andrew; Tiago, Joseph; Shari.Ring@cadmusgroup.com;
Jaime Rooke

Subject: UIC Insurance Discussion

When: Monday, February 10, 2014 11:00 AM-12:00 PM (UTC-06:00) Central Time (US & Canada).
Where: Conference Call

When: Monday, February 10, 2014 9:00 AM-10:00 AM. (UTC-08:00)
Pacific Time (US & Canada)
Where: Conference Call

Ak KK _ KK _F_F_F_*
Conference Call in number 855.375.2121

Conference ID 2589450

Please forward to anyone I've missed that should be on the call.
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Thanks

Tyler

Background

This conference call is a followup to a discussion that we had with EPA on the trust fund
and insurance requirements for an Underground Injection Control permit. After the initial
call the Alliance committed to gathering more information. Below is a summary of a phone
conversation between the FutureGen Alliance and their insurance broker to gather that
additional information.

Lucy Swartz and Paul Champaign talked with our insurance brokers, Penny Goodwin and
Patrick McGuire of McGriff, Siebels & Williams. Below are notes from that call:

o With respect to cancellation and the requirements of 40 CFR 146.85(a)((4)(1)(A),
a policy can be written to (1) provide 120 days notice prior to cancellation for
non-payment of the premium; (2) address EPA's concern regarding cancellation
in the event of material misrepresentation by the insured or upon the insured's
failure to comply with the conditions of the policy; (3) explain the meaning of
"change in use or change in operations" and its implications for continued
coverage of emergency and remedial response costs; and (4) provide written
notice of cancellation to the insured and UIC Program Director.

o With respect to renewal, insurers will not write a CCS policy that will auto-
renew, although there could be a 90 to 120 notice of a decision not to renew,
allowing the insured time to acquire new insurance. Insurers need to be able to
tailor their coverage and re-underwrite exposures if those exposures have
changed over the time the policy has been in place. Once an insurer is
selected, it will be possible to provide proof of the insurer's financial strength
and demonstrate that the insurer is an independent third party.

o A certificate of insurance is provide after a policy is in place and the premium
has been paid. To obtain an insurance policy for activities that will not occur
for a few years (i.e., CO2 injection) requires payment of fees to an insurance
company to reserve the capacity for the future. In general, insurers can provide
a quote approximately 21 days following submission of an application. Once
the insurance company is selected, it would take 30 to 60 days for the binder
and policy to be issued after the premium was paid.





The exclusions for noncompliance include_intentional noncompliance. Although
EPA raised the concern that many events requiring the need for an emergency
response would technically be violations of the Class VI rule or a UIC permit,
AlG noted that the exclusion relates to intentional noncompliance and that no
insurer will write a policy to insure actions caused by the insured's willful
violation of regulations. Also, the intentional noncompliance must be proved by
the insurer. Minor changes to the exclusion provision can be made to make this
point clear.

o With respect to bankruptcy, a claim against the policy can still be made as long
as the premium is paid regardless of whether the insured is in bankruptcy.
There is no cancellation for bankruptcy and the policy includes an assignments
provision.

o There would be a minimum $250K deductible, although the insurer would pay
for the emergency or remedial response action (pay on first dollar) and then go
back to the insured for the deductible amount.

In a previous paper, the Alliance proposed that a UIC permit be conditioned on a certificate
of insurance obtained prior to the start of CO2 injection. Prior to issuance of a draft permit
decision, the Alliance could provide EPA with information regarding the steps the Alliance
has taken to identify insurers, information about the financial strength and independence
of those insurers, and the steps the Alliance will take prior to injection to obtain a
certificate of insurance that meets EPA's Class VI UIC permit requirements.






From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Subject: RE: You have files ready for pickup
Date: Friday, January 03, 2014 1:13:00 PM
Thanks.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

----- Original Message-----

From: Gilmore, Tyler J [mailto:collaboration@pnnl.gov]
Sent: Friday, January 03, 2014 12:03 PM

To: McDonald, Jeffrey

Subject: You have files ready for pickup

Hello,
Gilmore, Tyler J (tyler.gilmore@pnnl.gov) has sent you the following 1 file(s:)
Subject: Comment Response Table

Comments: Jeff and Andrew, attached is our comment response table in Word format. We have been
using this table to keep track of our responses to your requests for information. This file has RAI 1 and
2 and also the email question on salinity of the Ironton Fm that we are calling RAI 3. Hopefully you will
find this table useful.

Thanks

Tyler

The following files have been uploaded to the MassTransit Web File Transfer Services. You can
download them by going to:

<https://fx.pnnl.gov/index.php?
action=Authenticate.login&cookies_enabled=1&login=1&js_enabled=yes&username=kvexnf-

VTAeyYT7UusQzWg>
and selecting the file(s) and clicking Download (All/Selected).

NOTE: This link and contained passkey are only good for 14 days.

EPA_RAI_1_2 3_for_FutureGen.docx (23.68M bytes)

This message was automatically generated from the PNNL FX Web File Transfer Service. If you have
questions about its validity, please contact the sender listed above.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Lucinda Low Swartz; Greenhagen, Andrew; Bayer, MaryRose
Bcc: Krueger, Thomas; McAuliffe, Mary; Jaime Rooke; Tiago. Joseph
Subject: RE: trust fund language corrections

Date: Wednesday, February 26, 2014 10:52:00 AM

Yes. There are a few questions that were sent to our FR expert in HQ. We'd like to hear his
responses on a couple of things before sending them to you. However, | talked to our attorney and
we feel that a couple of them are probably ok in sending to you now.

In section 4, in the added language, should be probably be "and/or post-injection site care..."
rather than just "and post-injection site care...." Correct?

In Schedule C, should we be more explicit that the $22.345 million to be paid in through
installments is “in addition to” the original $2.723 million payment? We’re not sure that's totally
clear from the language in the highlighted paragraph. Similarly the table makes it look like the
ultimate total will be only $22.345 million, but the need for plugging and abandonment funds don’t
go away (unless it's then subsumed into the PISC cost estimate). Can you help clarify this?

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Wednesday, February 26, 2014 10:02 AM

To: McDonald, Jeffrey

Cc: Lucinda Low Swartz

Subject: RE: trust fund language corrections

Jeff,

We received your note, thank you. The changes you suggest are reasonable, but should we wait for
additional comments on the trust agreement before making the revisions?

Thanks

Tyler

From: McDonald, Jeffrey [mcdonald.jeffrey@epa.gov]
Sent: Wednesday, February 26, 2014 7:33 AM

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Bayer, MaryRose; Lucy Swartz
Subject: trust fund language corrections

Tyler and Lucy,
Our attorneys caught something that | want to pass along.

In Schedule C. We say,
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“Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually
need to be incurred. Therefore, the trust account will be funded with the cost of plugging injection
and monitoring wells as soon as drilling the well begins. The Alliance’s estimated cost of this
activity is $2.723 million.”

A few sentences down and again in Table 1, we make it clear that we are requiring this funding
within 7 days after issuance of the final permits, but should the phrase “as soon as” be something
else like “prior to” or “within the timeframe set forth below”? | think the 7 days language you have
is clear and controls, but if you are tweaking this document, this seemed like an easy thing to
revise.

Please consider changing “as soon as” to something like "...will be funded with the cost of plugging
injection and monitoring wells within seven days of any final permit under this project."

In Section 14, line 7, the model has a typo. It says the Trustee may rely on instructions "with to" the
extent permissible. Should "with" be deleted?

We have a few more comments that we are discussing internally and anticipate getting those to
you shortly.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Elkins, Timothy; Batka. Allan; Bayer, MaryRose; Smith, Robert H; Krueger, Thomas;
McAuliffe, Mary; Shari.Ring@cadmusgroup.com

Subject: RE: updated draft PISC for your review and reply

Date: Monday, February 24, 2014 1:49:25 PM

Attachments: FutureGen PISC Plan clean edit 022414.docx

Oops

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Monday, February 24, 2014 1:40 PM

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Elkins, Timothy; Batka, Allan; Bayer, MaryRose; Smith, Robert H; Krueger,
Thomas; McAuliffe, Mary; Shari.Ring@cadmusgroup.com

Subject: updated draft PISC for your review and reply

Tyler,

Like | mentioned before, there were a lot of comments and discussion on this so it took a
little longer than we'd hoped. There is still quite a bit that needs the FGA's

attention. Thanks to all in the Region, HQ and Cadmus that helped with this.

Let me know when you think you can turn this around back to us by.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov
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			About this Document





This document compiles text from the FutureGen permit application for Morgan County Class VI UIC Wells 1, 2, 3, and 4 into the PISC and site closure plan template provided in the Class VI Project Plan Development Guidance. The intent is to identify whether sufficient information was provided in the permit application to complete the project plans; this is not considered a complete or approvable project plan.





Identified deficiencies and questions are presented in highlighted text. 





To facilitate reference to applicant submittals, text is color-coded and sections of the original documents are noted (some text has been edited slightly):


· Red text is from the FutureGen permit application.


· Blue text is from the additional information provided in November 2013.


· Green text is from the additional information provided in December 2013.


· Purple text is from additional information provided in January 2014 (including the Testing and Monitoring spreadsheet)





Text written by EPA is black.





Table and figure numbers reflect the labels in FutureGen’s submissions.











PISC and Site Closure Plan 


Facility Information 


Facility name: FutureGen 2.0 Project: Morgan County Class VI UIC Wells 1, 2, 3, and 4 


Facility contacts (names, titles, phone numbers, email addresses): 


Kenneth Humphreys, Chief Executive Officer, FutureGen Industrial Alliance, Inc., Morgan County Office, 73 Central Park Plaza East, Jacksonville, IL 62650, 217-243-8215 


Location (town/county/etc.): Morgan County, IL; 26−16N−9W; 39.800266ºN and 90.07469ºW”


Pre- and Post-Injection Pressure Differential 


The information regarding pre- and post-injection pressure differentials, as required at 40 CFR 146.93(a)(2)(i) presented below. 





The maximum injection pressure differential is 446 psi at the injection well when injection stops. The magnitude and area of elevated pressure gradually decreases over time after injection stops; as further detailed below in Table 1 and Figure 1.


[bookmark: _GoBack]Changes in pressure relative to initial conditions were calculated from simulation results. Pre-injection pressures were defined as the initial pressure measured before injection begins. Simulations were conducted for 20 years of CO2 injection at a rate of 1.1 MMT/yr distributed into the injection wells, followed by 80 years of post-injection. Table 1 lists predicted aqueous pressure differentials over time at the top of the injection zone and for one depth interval immediately above the primary confining zone (MW3, the ACZ early-detection monitoring well). The model suggests a maximum injection pressure differential of 446 psi at the injection well at the time injection is stopped. Simulation results show the magnitude and area of elevated pressure gradually decreasing over time after injection stops.





The Alliance will conduct model calibration at least every 5 years. Model calibration may also occur when actual operational data differ significantly from initial estimated operational values that were used for model inputs, or when monitoring data and model results differ significantly as per specified in the regulation.


Figure 1 shows the pressure differential versus time for monitoring well locations in the AoR and at the geometric centroid of the four horizontal injection wells. Simulated pressures at the top of the injection zone at the injection “point” increase during the 20-year injection period from 1,693 psi to a maximum of 2,139 psi. The highest pressures are in the immediate vicinity of each injection well. As shown, pressures at the injection and monitoring well locations decline over time after injection is stopped. 





[bookmark: _Ref379796339]Table 1. Pressure differential to baseline conditions at well location at the base of the Ironton Formation for Well 3 and at the top of the injection zone for the rest of the wells during and after injection (Table 7.1 from FutureGen’s permit application).
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[bookmark: _Ref379796440]Figure 1. Simulated pressure differential versus time at monitoring well locations (Figure 7.1 from FutureGen’s permit application).





[image: ]


Figure 2. Pressure differentials from baseline condition and plume boundary at selected times at 20 and 70 years (from Figure 3.24 in FutureGen’s December 2013 submission). 


Predicted Position of the Carbon Dioxide Plume and Associated Pressure Front at Ceasing of Injection and at Site Closure


The information regarding the predicted position of the carbon dioxide plume and associated pressure front at site closure, as required at 40 CFR 146.93(a)(2)(ii) is presented below.  


The areal extent of the CO2 plume increases during injection and for 2 years post-injection. As the areal extent decreases (at year 22), the plume migrates predominately upward. The computational modeling results indicate that the sequestered CO2 will migrate above the Mt. Simon Sandstone, into the Elmhurst as well as the lower part of the Lombard .





Figure 3 and Figure 4 show the upward migration of the CO2 plume near the injection well at 20 and 70 years. These 2D images demonstrate various levels of gas saturation or upward migration outside of the injection zone, and into the primary confining zone. The computational model results indicate that the Model Layer “Lombard 5” is the top unit containing a fraction of injected CO2 during the 100-year simulation. However, because geophysical logs indicate the presence of an unnamed thin sandy layer above Lombard 5, the Alliance determined that this thin sandstone should also be part of the injection zone. In conclusion, based on the current knowledge of the geology at the FGA1 stratigraphic well, the top of the injection zone is set at 3,745 ft bKB (or 3,731 ft below ground surface), which is in the lower part of the model layer “Lombard 9”. 





The CO2 plume forms a cloverleaf pattern as a result of the four lateral injection well designs. The plume grows both laterally and vertically as injection continues. Most of the CO2 resides in the Mount Simon Sandstone. A small amount of CO2 enters into the Elmhurst and the lower part of the Lombard Formation. When injection ceases at 20 years, the lateral growth becomes negligible but the plume continues to move slowly primarily upward. Once CO2 reaches the low-permeability zone in the upper Mount Simon it begins to move laterally. 
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[bookmark: _Ref379797001]Figure 3. Cutaway view of CO2-rich phase saturation along A-A’ (Wells 1 and 3) at 20 and 70 years (from Figure 3.22 in FutureGen’s permit application).
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[bookmark: _Ref379797005]Figure 4. Cutaway view of CO2-rich phase saturation along B-B’ (Wells 2 and 4) at 20 and 70 years (from Figure 3.23 in FutureGen’s permit application).








Reservoir conditions are such that the CO2 remains in the supercritical state throughout the domain and for the entire simulation period. The three-dimensional distribution of the CO2-rich (or separate-) phase saturation is presented for selected times (i.e. 20 and 70 years).Additionally, and to better illustrate the CO2 migration through time and space, a cross-sectional view of the CO2 plume is presented as slices through the center of the injection wells and along the well traces. Figure 6 and Figure 7 show the CO2-rich (or separate) phase saturation for selected times for slices A-A’ and B-B’, respectively. 


The cloverleaf pattern of the CO2 plume that forms as a result of the four lateral-injection-well design.The central portion of the plume is a result of CO2 injection into the Elmhurst in the vertical section of each well. Figures presenting the cross-sectional views show the location of the open interval relative to the plume and stratigraphic units. It can be seen in Figure 6 and Figure 7 that after 20 years of continuous CO2 injection, the plume has spread both laterally and vertically, with some CO2 migrating into the lower part of the Lombard. At 20 years, the plume grows larger with time primarily in the lateral direction, but also vertically. Two years after the cessation of CO2 injection (at 22 years), the plume reaches its maximum lateral extent. However, the CO2 within the plume continues to redistribute by migrating slowly upward due to buoyancy effects, with some of the CO2 dissolving at the CO2-brine interface at the edge of the plume. The vertical layering represented in the model is one of the controlling factors in the plume shape at later times. In general, the CO2 tends to accumulate below a layer with a relatively higher gas entry pressure (and often lower permeability) than that of the layer directly below it. This area of relatively higher CO2 saturation can be seen as the green “ledge” feature in the plume, and as the flat-topped orange zone. Because the plume migrates primarily upward after injection ceases, the green feature becomes narrower with time. The vertical cross sections showing the plume at 70 years illustrate how the CO2 distribution within the plume becomes more uniform with time. Because of the dissolution process, the CO2 separate-phase plume area (in the horizontal plane) at 100 years is 2.2% smaller than the maximum area at 22 years.


The maximum pressure differential corresponds to the end of the injection period (year 20). After that time, the pressure slowly dissipates resulting in the maximum pressure differential being below 30 psi at 70 years, and below 20 psi at 100 years. Because there is a natural upward flow from the injection zone, a critical pressure has not been defined. Hence, the pressure differential distribution has been presented instead of a defined pressure front.





Figure 5. Determination of the Top of the Injection Zone, based on Geophysical Logs and Modeling Results.
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[bookmark: _Ref379797487]Figure 6. Cutaway view of CO2-rich phase saturation along A-A’ (Wells 1 and 3) at 20 and 70 years (from Figure 3.22 in FutureGen’s December 2013 submission).
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[bookmark: _Ref379797493]Figure 7. Cutaway view of CO2-rich phase saturation along B-B’ (Wells 2 and 4) at 20 and 70 years (from Figure 3.23 in FutureGen’s December 2013 submission).


CO2 migration during the post-injection site care period was modeled to predict CO2 plume redistribution after injection ceases. The model predicts that the areal extent of the CO2 plume (defined as 99.0 percent of the separate-phase CO2 mass) increases during injection and for 2 years post-injection and then begins to decrease as buoyancy forces dominate and plume migration is predominately upward. Figure 8 shows the cumulative area of the CO2 mass plume with time. The maximum plume extent, 6.46 mi2, occurs at 22 years after the start of injection (2 years after the cessation of injection). 
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[bookmark: _Ref379797630]Figure 8. Simulated plume area over time (the vertical dashed line denotes the time CO2 injection ceases) (Figure 7.2 in FutureGen’s permit application).


The predicted extent of the CO2 plume at the time of site closure, 50 years after the cessation of CO2 injection, was determined from the computational model results.


Figure 9 shows the predicted areal extent of the CO2 plume (defined as 99.0 percent of the separate phase CO2 mass) at the time of site closure. The simulation predictions show that 99.0 percent of the separate-phase CO2 mass would be contained within an area of 6.35 mi2 at the time of site closure. This plume is only 1.7% smaller than the maximum plume area, which occurs at 22 years after the start of injection (Figure 8).
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[bookmark: _Ref379797710]Figure 9. Simulated areal extent of the CO2 plume at the time of site closure (70 years after CO2 injection was initiated) (Figure 7.3 in FutureGen’s permit application).









Post-Injection Monitoring Plan


FutureGen will perform post-injection monitoring, as required at 40 CFR 146.93(b) as described below. 


Pressure monitoring of the injection zone will occur in four monitoring wells. The Testing and Monitoring section of this permit lists planned and considered monitoring. In addition, FutureGen will conduct groundwater sampling in the shallow, semi-consolidated glacial sediments that make up the surficial aquifer.


Two fully cased reservoir access tubes (RATs) will be installed within the boundaries of the simulated 5-year CO2 plume. The RATs will extend to the base of the reservoir and into the Precambrian bedrock. The RATs will be non-perforated, cemented casings used to monitor CO2 arrival and quantify saturation levels via downhole pulsed-neutron capture (PNC) geophysical logging across the reservoir and confining zone. 


A discussion and location map showing the updated and revised monitoring well network is provided below. 


Location of Monitoring Wells 


Monitoring well locations are described in the Testing and Monitoring plan of this permit. The objective of the monitoring program is to select and implement a suite of monitoring technologies that are both technically robust and provide an effective means of 1) evaluating CO2 mass balance and 2) detecting any unforeseen containment loss. 


As part of the project’s design optimization, the monitoring well network has been configured (Figure 10) to increase its effectiveness and simplify its engineering design. The design includes a total of seven monitoring wells as follows: 


· Two above confining zone (ACZ) wells - These wells will be used to monitor immediately above the Eau Claire caprock in the Ironton Sandstone. Monitored Parameters: pressure, temperature, and hydrogeochemical indicators of CO2. 


· Two single-level in-reservoir (SLR) wells (one of which is a reconfiguration of the previously drilled stratigraphic well). These wells will be used to monitor within the injection zone beyond the east and west ends of the horizontal CO2-injection laterals. Monitored Parameters: pressure, temperature, and hydrogeochemical indicators of CO2. 


· Two reservoir access tube (RAT) wells - These are fully cased wells, which allow access for monitoring instrumentation in the reservoir via pulsed-neutron logging equipment. The wells will not be perforated so as to avoid two-phase flow near the borehole, which can distort the CO2 saturation measurements. Monitoring Parameters: quantification of CO2 saturation across the reservoir and caprock.


· One USDW well - This well will be used to monitor the lowermost USDW (St. Peter Sandstone). Monitored Parameters: pressure, temperature, and hydrogeochemical indicators of CO2.
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[bookmark: _Ref379798337]Figure 10. Updated and revised plan for monitoring wells (submitted January 2014).


FutureGen will also conduct sampling in the shallow, semi-consolidated glacial sediments that make up the surficial aquifer, using approximately 10 local landowner wells and one well drilled for the project (Figure 11). 


[image: Figure X1]


[bookmark: _Ref380046785]Figure 11. Surficial aquifer monitoring locations. Well FG-1 is a dedicated well drilled for the purposes of the FutureGen project, while wells FGP-1 through FGP-10 are local landowner wells.





Summary of Planned Post-Injection Monitoring Activities


A suite of indirect geophysical monitoring methods were evaluated to assess their efficacy and effectiveness for monitoring the areal extent, evolution, and fate and transport of the injected CO2 plume under site-specific conditions. Technologies that were retained for implementation in the monitoring program include PNC logging, passive seismic monitoring, integrated surface deformation monitoring, and time-lapse gravity surveys. These methodologies will be applied during both injection and post-injection phases of the project. The following table summarizes the testing and monitoring activities planned for the post-injection phase.





Table 2. Summary of post-injection monitoring activities.


			Monitoring Category


			Monitoring Method/Location


			Frequency 


(Post-Injection Phase)





			Groundwater Quality and Geochemistry Monitoring


			Fluid sampling in surficial aquifers: ten local landowner wells and one project-drilled well





			Every 5 years








			


			Fluid sampling in St. Peter: one lowermost USDW well


			Geochemistry Every 5 years





Continuous temperature and pressure monitoring








			


			Fluid sampling in Ironton: two ACZ wells


			Geochemistry Every 5 years





Continuous temperature and pressure monitoring








			Injection Zone Monitoring 


			Fluid sampling in Mt. Simon: two single-level monitoring wells


			Every 5 years





			


			Pressure monitoring in Mt. Simon: two single-level monitoring wells


			Continuous





			Indirect Geophysical Monitoring Techniques 


			Integrated deformation monitoring: five surface monitoring stations


			Continuous





			


			Passive seismic monitoring (microseismicity): five surface monitoring stations and downhole arrays at two ACZ wells


			Continuous











Groundwater Quality Monitoring 


FutureGen will conduct groundwater sampling every five years according to the procedures described below, from Section 7.2.1 of the permit application.


Explicitly specify which specific parameters that will be analyzed. FutureGen is also lacking specific details in its sampling methods, analytical techniques, laboratory information, and quality assurance and surveillance measures. [Request from FutureGen.]


Sampling will take place at the frequencies specified in Table 3 (for the surficial aquifers), Table 4 (for the St. Peter), and Table 5 (for the Ironton). Because near-surface environmental impacts are not expected, surficial aquifer (<100 ft bgs) monitoring will only be conducted for a sufficient duration to establish baseline conditions (minimum of 3 sampling events); surficial aquifer monitoring is not planned during the injection phase; however, the need for additional surficial aquifer monitoring will be continually evaluated throughout the operational phases of the project, and may be reinstituted if conditions warrant or if requested by the Director. 


Target parameters for the ACZ wells include pressure, temperature, and hydrogeochemical indicators of CO2 and brine composition. A comprehensive suite of geochemical and isotopic analyses will be performed on collected fluid samples and analytical results will be used to characterize baseline geochemistry and provide a metric for comparison during operational phases. Selection of this initial analyte list was based on relevance for detecting the presence of fugitive brine and CO2. Results for this comprehensive set of analytes will be evaluated and a determination made regarding which analytes to carry forward through the operational phases of the project. This selection process will consider the uniqueness and signature strength of each potential analyte and whether their characteristics provide for a high value leak detection capability. Once baseline conditions have been established, observed differences in the geochemical and isotopic signature between the reservoir and overlying monitoring intervals, along with predictions of leakage-related pressure response, will be used to specify triggers values that would prompt further action, including a detailed evaluation of the observed response and possible modification to the monitoring approach and/or storage site operations. This evaluation will be supported by numerical modeling of theoretical leakage scenarios that will be used to evaluate leak detection capability and interpret any observed pressure and/or geochemical/isotopic change in the ACZ wells.


Target parameters for the USDW and surficial aquifer wells include pressure, temperature, and hydrogeochemical indicators of CO2 and brine composition. A comprehensive suite of geochemical and isotopic analyses will be performed on collected fluid samples during the baseline monitoring period. Selection of this initial analyte list was based on relevance for detecting the presence of fugitive brine and CO2. Results for this comprehensive set of analytes will then be evaluated and a determination made regarding which analytes to carry forward through the operational phases of the project. This selection process will consider the uniqueness and signature strength of each potential analyte and whether their characteristics provide for a high value leak detection capability. Trigger values for the lowermost USDW monitoring well and the surficial aquifer monitoring wells have not been defined. If a leakage response is observed in the ACZ early-detection monitoring wells (Ironton) then the decision not to institute USDW aquifer triggers will be reevaluated based on the magnitude of the observed leakage response and predictive simulations of CO2 transport between the Ironton and the St. Peter aquifers.


Note: FutureGen has not yet submitted a final list of the planned parameters; see the text above. In particular, aqueous and/or separate-phase CO2 is not listed as a target parameter under consideration in these tables, and this should be discussed further. Depending on the final suite of parameters chosen, it may be appropriate to monitor for CO2 indirectly, e.g. by monitoring dissolved inorganic carbon concentrations in combination with pH as recommended by researchers such as Wilkin and Digiulio (2010). However, this determination will need to be made after the final list of parameters is received. (Reference: Wilkin, R.T. and D.C. Digiulio. 2010. Geochemical Impacts to Groundwater from Geologic Carbon Sequestration: Controls on pH and Inorganic Carbon Concentrations from Reaction Path and Kinetic Modeling. Environ. Sci. Technol. 44(12): 4821-4827.)  


Also, while the “ACZ - PISC” tab of the January 2014 spreadsheet indicates that FutureGen is planning to take samples from the surficial aquifers every five years, the “ACZ - Inj” tab indicates that FutureGen does not plan to take any samples from the surficial aquifers after the baseline period. This should be clarified.  


[bookmark: _Ref379789961]Table 3. Sampling schedule for surficial aquifer monitoring wells. 



			Monitoring well name/location/map reference: Surficial aquifer monitoring wells (see Error! Reference source not found.)


Well depth/formation(s) sampled: Shallow glacial sediments (approx. 17 ft – 49 ft)





			Parameter/Analyte


			Frequency 


(Post-Injection Phase)





			Dissolved or  separate-phase CO2  


			Every 5 years





			Pressure


			Every 5 years





			Temperature 


			Every 5 years





			Other parameters, including total dissolved solids, pH, specific conductivity, major cations and anions, trace metals, dissolved inorganic carbon, total organic carbon, carbon and water isotopes, and radon 


			Every 5 years








[bookmark: _Ref379789971]Table 4. Sampling schedule for USDW monitoring well.


			Monitoring well name/location/map reference: One USDW monitoring well (see Figure 10) 


Well depth/formation(s) sampled: St. Peter Sandstone (2,000 ft)





			Parameter/Analyte


			Frequency 


(Post-Injection Phase)





			Dissolved or separate-phase CO2  


			Every 5 years





			Pressure


			Continuous





			Temperature 


			Continuous





			Other parameters, including total dissolved solids, pH, specific conductivity, major cations and anions, trace metals, dissolved inorganic carbon, total organic carbon, carbon and water isotopes, and radon 


			Every 5 years








[bookmark: _Ref379789976]Table 5. Sampling schedule for ACZ monitoring wells.


			Monitoring well name/location/map reference: Two ACZ monitoring wells (see Figure 10) 


Well depth/formation(s) sampled: Ironton Sandstone (3,470 ft)





			Parameter/Analyte


			Frequency 


(Post-Injection Phase)





			Dissolved or separate-phase CO2  


			Every 5 years





			Pressure


			Continuous





			Temperature 


			Continuous





			Other parameters, including total dissolved solids, pH, specific conductivity, major cations and anions, trace metals, dissolved inorganic carbon, total organic carbon, carbon and water isotopes, and radon 


			Every 5 years











Sampling methods: 


A sampling plan is referenced below, but not provided. 


Specific field sampling protocols are in the project-specific sampling plan to be developed prior to initiation of field test operations, once the test design has been finalized. The work will comply with applicable EPA regulatory procedures and relevant American Society for Testing and Material, ISGS, and other procedural standards applicable for groundwater sampling and analysis. All sampling and analytical measurements will be performed in accordance with project quality assurance requirements, samples will be tracked using appropriately formatted chain-of-custody forms, and analytical results will be managed in accordance with a project-specific data management plan. Investigation-derived waste will be handled in accordance with site requirements.


During all groundwater sampling, field parameters (pH, specific conductance, and temperature) will be monitored for stability and used as an indicator of adequate well purging (i.e., parameter stabilization provides indication that a representative sample has been obtained). Calibration of field probes will follow the manufacturer’s instructions using standard calibration solutions. A comprehensive list of target analytes under consideration and groundwater sample collection requirements is provided in Table 6. The relative benefit of each analytical measurement will be evaluated throughout the design and initial injection testing phase of the project to identify the analytes best suited to meeting project monitoring objectives under site-specific conditions. If some analytical measurements are shown to be of limited use and/or cost prohibitive, they will be removed from the analyte list. All analyses will be performed in accordance with the analytical requirements listed in Table 7. Additional analytes may be included for the shallow USDW based on landowner requests (e.g., coliform bacteria). If implemented, monitoring for tracers will follow standard aqueous sampling protocols for the naphthalene sulfonate tracer, but a pressurized sample for the PFT tracer will be required because the PFT will be partitioned into the gas phase.


Sampling and analytical techniques for target parameters are given in Table 6 and Table 7, respectively.


[bookmark: _Ref378845389]Table 6. Aqueous sampling requirements for target parameters (adapted from Table 5.4 of FutureGen’s permit application).


			Parameter


			Volume/Container


			Preservation


			Holding Time





			Major Cations: Al, Ba, Ca, Fe, K, Mg, Mn, Na, Si,


			20-mL plastic vial


			Filtered (0.45 μm), HNO3 to pH <2


			60 days





			Trace Metals: Sb, As, Ba, Cd, Cr, Cu, Pb, Hg, Se, Tl


			20-mL plastic vial


			Filtered (0.45 μm), HNO3 to pH <2


			60 days





			Anions: Cl-, Br-, F-, SO42-, NO3-, 


			20-mL plastic vial 


			Cool 4°C 


			45 days





			Gravimetric Total Dissolved Solids (TDS), compare to TDS by calculation from major ions


			250-mL plastic vial


			Filtered (0.45 μm), no preservation Cool 4°C


			 





			Water Density


			100 mL plastic vial


			Filtered (0.45 μm), no preservation Cool 4°C


			60 days





			Alkalinity


			100 mL HDPE


			Filtered (0.45 μm) Cool 4°C


			5 days





			Dissolved Inorganic Carbon (DIC)


			20-mL plastic vial


			Cool 4°C


			45 days





			Total Organic Carbon (TOC)


			40 mL glass


			unfiltered


			14 days





			Carbon Isotopes (14C, 13/12C)


			5-L HDPE


			pH >6


			14 days





			Water Isotopes (2/1H, 18/16O)


			20-mL glass vial


			Cool 4°C


			45 days





			Radon (222Rn)


			1.25-L PETE


			Pre-concentrate into 20-mL scintillation cocktail. Maintain groundwater temperature prior to pre-concentration


			1 day





			Naphthalene Sulfonate or Fluorinated Benzoic Acid Tracers (aqueous phase)


			500 mL HDPE


			Filtered (0.45 μm), no preservation


			60 days





			Perfluorocarbon Tracer (PFT) (scCO2 or gas phase)


			500 mL glass


			unfiltered, Cool 4°C


			60 days





			pH


			Field parameter


			None


			<1 h





			Specific Conductance


			Field parameter


			None


			<1 h





			Temperature


			Field parameter


			None


			<1 h





			HDPE = high-density polyethylene; PETE = polyethylene terephthalate














[bookmark: _Ref378845406]Table 7. Analytical requirements (adapted from Table 5.5 of FutureGen’s permit application).


			Parameter


			Analysis Method


			Detection Limit 
or Range


			Typical Precision/ Accuracy


			QC Requirements





			Major Cations: Al, Ba, Ca, Fe, K, Mg, Mn, Na, Si,


			ICP-OES, PNNL-AGG-ICP-AES (similar to EPA Method 6010B)


			0.1 to 1 mg/L (analyte dependent)


			±10%


			Daily calibration; blanks and duplicates and matrix spikes at 10% level per batch of 20





			Trace Metals: Sb, As, Ba, Cd, Cr, Cu, Pb, Hg, Se, Tl


			ICP-MS, PNNL-AGG-415 (similar to EPA Method 6020)


			1 µg/L for trace elements


			±10%


			Daily calibration; blanks and duplicates and matrix spikes at 10% level per batch of 20





			Anions: Cl-, Br-, F-, SO42-, NO3-, CO32-


			Ion Chromatography, AGG-IC-001 (based on EPA Method 300.0A)


			 


			 ±15% 


			Daily calibration; blanks and duplicates at 10% level per batch of 20





			TDS


			Gravimetric Method Standard Methods 2540C


			12 mg/L


			± 5%


			Balance calibration, triplicate samples





			Water Density


			Standard Methods 227


			0.0001 g/mL


			±0.0%


			Triplicate measurements





			Alkalinity


			Titration, standard methods 102


			4 mg/L


			±3 mg/L


			Triplicate titrations





			Dissolved Inorganic Carbon (DIC)


			Carbon analyzer, phosphoric acid digestion of DIC


			0.002%


			±10%


			Triplicate analyses, daily calibration





			Total Organic Carbon (TOC)


			Carbon analyzer; total carbon by 900°C pyrolysis minus DIC = TOC


			0.002%


			±10%


			Triplicate analyses, daily calibration





			Carbon Isotopes (14/12C, 13/12C) 


			Accelerator MS 


			10-15


			 ±4‰ for 14C; ±0.2‰ for 13C


			Triplicate analyses





			Water Isotopes (2H/1H, 18/16O) 


			Water equilibration coupled with IRMS ; Alternatively, consider WS-CRDS


			10-9


			 IRMS: ±1.0‰ for 2H; ±0.15‰ for 18O; WS-CRDS: ±0.10‰ for 2H; ±0.025‰ for 18O


			Triplicate analyses





			Radon (222Rn) 


			Liquid scintillation after pre-concentration 


			 5 mBq/L 


			 ±10% 


			Triplicate analyses





			Naphthalene Sulfonate or Benzoic Acid Tracer (aqueous phase)


			Liquid chromatography-mass spectrometry (LC-MS) or gas chromatography with electron capture detector (ECD)


			5 parts per trillion (5 x 1012) or 10 parts per quadrillion (10 x 1015)


			Varies with conc.,±30% at detection limit


			Duplicates 10% of samples, significant number of blanks for cross-contamination





			Perfluorocarbon Tracer (PFT) (scCO2 or gas phase)


			Gas chromatography with electron capture detector (ECD)


			10 parts per quadrillion (10 x 1015)


			Varies with conc., ±30% at detection limit


			Duplicates 10% of samples, significant number of blanks for cross-contamination





			pH


			pH electrode


			2 to 12 pH units


			±0.2 pH unit 
For indication only


			User calibrate, follow manufacturer recommendations





			Specific conductance


			Electrode


			0 to 100 mS/cm


			±1% of reading 
For indication only


			User calibrate, follow manufacturer recommendations





			Temperature


			Thermocouple


			5 to 50°C


			±0.2°C 
For indication only


			Factory calibration





			ICP = inductively coupled plasma; IRMS = isotope ratio mass spectrometry; MS = mass spectrometry; 
OES = optical emission spectrometry; WS-CRDS = wavelength scanned cavity ring-down spectroscopy











Laboratory to be used/ chain of custody procedures: 



Samples will be tracked using appropriately formatted chain-of-custody forms.





Detail in its description of laboratory and chain of custody procedures is limited. FutureGen should provide a more detailed Testing and Monitoring Plan containing this information. [Request from FutureGen.] 


Quality assurance and surveillance measures:





The Quality Assurance and Surveillance Plan is incorporated as an attachment to the Testing and Monitoring plan in this permit.





Data quality assurance and surveillance protocols adopted by the project are designed to facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance (QA) requirements for direct measurements within the injection zone, above the confining zone, and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and aqueous concentration measurements). QA requirements for selected geophysical methods, which provide indirect measurements of CO2 nature and extent and are being tested for their applicability under site conditions, are not addressed in this plan. These measurements will be performed based on best industry practices and the QA protocols recommended by the geophysical services contractors selected to perform the work. 





FutureGen lacks detail in its description of quality assurance and surveillance protocols. [Request from FutureGen.] 


Plan for guaranteeing access to all monitoring locations: 


The locations of the ACZ and USDW wells has been finalized, pending final signing of landowner agreements. For these wells, the land will either be purchased or leased for the life of the project, so access will be secured. 


Access to the surficial aquifer wells will not be required over the lifetime of the project. Access to wells for baseline sampling has been on a voluntary basis by the well owner. Ten local landowners originally agreed to have their surficial aquifer wells sampled; one opted out during a recent sampling event. 


Carbon Dioxide Plume and Pressure Front Tracking


Direct Pressure Monitoring


FutureGen will conduct direct pressure-front monitoring to meet the requirements at 40 CFR 146.93(b). Continuous monitoring of injection zone pressure and temperature will be performed with sensors installed in wells that are completed in the injection zone. Pressure and temperature monitoring in the monitoring wells will be performed using a real-time monitoring system with surface readout capabilities so that pressure gauges do not have to be removed from the well to retrieve data. Power for all monitoring wells will be provided by a stand-alone solar array with battery backup so that a dedicated power supply to these more distal locations is not required.


The following measures will be taken to ensure that the pressure gauges are providing accurate information on an ongoing basis:


· High-quality (high-accuracy, high-resolution) gauges with low drift characteristics will be used.


· Gauge components (gauge, cable head, cable) will be manufactured of materials designed to provide a long life expectancy for the anticipated downhole conditions.


· Upon acquisition, a calibration certificate will be obtained for every pressure gauge. The calibration certificate will provide the manufacturer’s specifications for range, accuracy (% full scale), resolution (% full scale), and drift (< psi per year) and calibration results for each parameter. The calibration certificate will also provide the date that the gauge was calibrated and the methods and standards used.


· Gauges will be installed above any packers so they can be removed if necessary for recalibration by removing the tubing string. Redundant gauges may be run on the same cable to provide confirmation of downhole pressure and temperature. Pressure gauges will be calibrated on an annual basis with current annual calibration certificates provided with test results to EPA. In lieu of removing the injection tubing, the calibration of downhole pressure gauges will demonstrate accuracy by utilizing a second pressure gauge, with current certified calibration, that will be lowered into the well to the same depth as the permanent downhole gauge. Calibration curves, based on annual calibration checks (using the second calibrated pressure gauge) developed for the downhole gauge, can be used for the purpose of the fall-off test. If used, these calibration curves (showing all historic pressure deviations) will accompany the fall-off test data submitted to EPA.


· Upon installation, all gauges will be tested to verify they are functioning (reading/transmitting) correctly.


· Gauges will be pulled and recalibrated whenever a workover occurs that involves removal of tubing. A new calibration certificate will be obtained whenever a gauge is recalibrated.


Once the reservoir model has been updated with detailed site specific information from the injection site, predictive simulations of pressure response will be generated for each single-level reservoir monitoring well. These predicted responses will be compared to monitoring results throughout the operational phase of the project and significant deviation in observed response would result in further action, including a detailed evaluation of the observed response, calibration/refinement of the numerical model, and possible modification to the monitoring approach and/or storage site operations.


Direct pressure monitoring in the injection zone will take place as shown in Table 8.


[bookmark: _Ref378850813]Table 8. Monitoring schedule for direct pressure-front tracking.


			Well Location/Map Reference


			Depth(s)/Formation(s)


			Frequency 


(Post-Injection Phase)





			Two single-level monitoring wells (SLR Wells 1 and 2, see Figure 10)


			Mt. Simon/4,150 ft.


			Continuous











Quality assurance and surveillance measures:


Data quality assurance and surveillance protocols adopted by the project will be designed to facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance (QA) requirements for direct measurements within the injection zone, above the confining zone, and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA requirements for selected geophysical methods, which provide indirect measurements of CO2 nature and extent and are being tested for their applicability under site conditions, are not addressed in this plan. These measurements will be performed based on best industry practices and the QA protocols recommended by the geophysical services contractors selected to perform the work.


FutureGen is also lacking specific details in its quality assurance and surveillance measures. FutureGen should provide more detailed quality assurance and surveillance measures. [Request from FutureGen.]


Plan for guaranteeing access to all monitoring locations: 


The location of these wells has been finalized, pending final signing of landowner agreements. The land will either be purchased or leased for the life of the project, so access will be secured. 


Direct Geochemical Plume Monitoring


FutureGen will conduct direct CO2 plume monitoring to meet the requirements at 40 CFR 146.93(b). Target parameters include pressure, temperature, and hydrogeochemical indicators of CO2 and brine composition. A comprehensive suite of geochemical and isotopic analyses will be performed on collected fluid samples and analytical results will be used to characterize baseline geochemistry and provide a metric for comparison during operational phases. Selection of this initial analyte list was based on relevance for detecting the presence of CO2 within the reservoir and fugitive brine and CO2 above the primary confining zone. Results for this comprehensive set of analytes will be evaluated and a determination made regarding which analytes to carry forward through the operational phases of the project. This selection process will consider the uniqueness and signature strength of each potential analyte and whether their characteristics provide for a high value leak detection capability. Once baseline hydrogeochemical/isotopic conditions have been established and the reservoir model has been refined, predictive simulations of pressure and CO2 arrival response will be generated for each single-level reservoir monitoring well. These predicted responses will be compared to monitoring results throughout the operational phase of the project and significant deviation in observed response would result in further action, including a detailed evaluation of the observed response, calibration/refinement of the numerical model, and possible modification to the monitoring approach and/or storage site operations.  


Direct fluid sampling in the injection zone will take place as shown in Table 9.


[bookmark: _Ref378851251]Table 9. Monitoring schedule for direct geochemical plume monitoring.


			Monitoring well name/location/map reference: Two SLR monitoring wells (see Figure 10) 


Well depth/formation(s) sampled: Mt. Simon Sandstone (4,150 ft)





			Parameter/Analyte


			Frequency 


(Post-Injection Phase)





			Dissolved or separate-phase CO2  


			Every 5 years





			Pressure


			Continuous





			Temperature 


			Continuous





			Other parameters, including major cations and anions, selected metals, general water-quality parameters (pH, alkalinity, total dissolved solids, specific gravity), and any tracers added to the CO2 stream


			Every 5 years











Sampling methods: 


A sampling plan is referenced below, but not provided. 


Periodically, fluid samples will be collected from the monitoring wells completed in the injection zone. Fluid samples will be collected using an appropriate method to preserve the fluid sample at injection zone temperature and pressure conditions. Examples of appropriate methods include using a bomb-type sampler (e.g., Kuster sampler) after pumped or swabbed purging of the sampling interval, using a Westbay sampler, or using a pressurized U-tube sampler (Freifeld et al. 2005). These types of pressurized sampling methods are needed to collect the two-phase fluids (i.e., aqueous and scCO2 solutions) for measurement of the percent water and CO2 present at the monitoring location. Fluid samples will be analyzed for parameters that are indicators of CO2 dissolution, including major cations and anions, selected metals, general water-quality parameters (pH, alkalinity, TDS, specific gravity), and any tracers added to the CO2 stream. Changes in major ion and trace element geochemistry are expected in the injection zone, but the arrival of proposed fluorocarbon or sulfonate tracers (co-injected with the CO2) should provide an improved early-detection capability, because these compounds can be detected at 3 to 5 orders of magnitude lower relative concentration. Analysis of carbon and oxygen isotopes in injection zone fluids and the injection stream (13/12C, 18/16O) provides another potential supplemental measure of CO2 migration. Where stable isotopes are included as an analyte, data quality and detectability will be reviewed throughout the active injection phase, and upon Director’s approval, will be discontinued if these analyses provide limited benefit.


Sampling and analytical techniques for target parameters are given in Table 10 and Table 11, respectively.


[bookmark: _Ref380051047]Table 10. Aqueous sampling requirements for target parameters (adapted from Table 5.4 of FutureGen’s permit application).


			Parameter


			Volume/Container


			Preservation


			Holding Time





			Major Cations: Al, Ba, Ca, Fe, K, Mg, Mn, Na, Si,


			20-mL plastic vial


			Filtered (0.45 μm), HNO3 to pH <2


			60 days





			Trace Metals: Sb, As, Ba, Cd, Cr, Cu, Pb, Hg, Se, Tl


			20-mL plastic vial


			Filtered (0.45 μm), HNO3 to pH <2


			60 days





			Anions: Cl-, Br-, F-, SO42-, NO3-, 


			20-mL plastic vial 


			Cool 4°C 


			45 days





			Gravimetric Total Dissolved Solids (TDS), compare to TDS by calculation from major ions


			250-mL plastic vial


			Filtered (0.45 μm), no preservation Cool 4°C


			 





			Water Density


			100 mL plastic vial


			Filtered (0.45 μm), no preservation Cool 4°C


			60 days





			Alkalinity


			100 mL HDPE


			Filtered (0.45 μm) Cool 4°C


			5 days





			Dissolved Inorganic Carbon (DIC)


			20-mL plastic vial


			Cool 4°C


			45 days





			Total Organic Carbon (TOC)


			40 mL glass


			unfiltered


			14 days





			Carbon Isotopes (14C, 13/12C)


			5-L HDPE


			pH >6


			14 days





			Water Isotopes (2/1H, 18/16O)


			20-mL glass vial


			Cool 4°C


			45 days





			Radon (222Rn)


			1.25-L PETE


			Pre-concentrate into 20-mL scintillation cocktail. Maintain groundwater temperature prior to pre-concentration


			1 day





			Naphthalene Sulfonate or Fluorinated Benzoic Acid Tracers (aqueous phase)


			500 mL HDPE


			Filtered (0.45 μm), no preservation


			60 days





			Perfluorocarbon Tracer (PFT) (scCO2 or gas phase)


			500 mL glass


			unfiltered, Cool 4°C


			60 days





			pH


			Field parameter


			None


			<1 h





			Specific Conductance


			Field parameter


			None


			<1 h





			Temperature


			Field parameter


			None


			<1 h





			HDPE = high-density polyethylene; PETE = polyethylene terephthalate











[bookmark: _Ref380051057]Table 11. Analytical requirements (adapted from Table 5.5 of FutureGen’s permit application).


			Parameter


			Analysis Method


			Detection Limit 
or Range


			Typical Precision/ Accuracy


			QC Requirements





			Major Cations: Al, Ba, Ca, Fe, K, Mg, Mn, Na, Si,


			ICP-OES, PNNL-AGG-ICP-AES (similar to EPA Method 6010B)


			0.1 to 1 mg/L (analyte dependent)


			±10%


			Daily calibration; blanks and duplicates and matrix spikes at 10% level per batch of 20





			Trace Metals: Sb, As, Ba, Cd, Cr, Cu, Pb, Hg, Se, Tl


			ICP-MS, PNNL-AGG-415 (similar to EPA Method 6020)


			1 µg/L for trace elements


			±10%


			Daily calibration; blanks and duplicates and matrix spikes at 10% level per batch of 20





			Anions: Cl-, Br-, F-, SO42-, NO3-, CO32-


			Ion Chromatography, AGG-IC-001 (based on EPA Method 300.0A)


			 


			 ±15% 


			Daily calibration; blanks and duplicates at 10% level per batch of 20





			TDS


			Gravimetric Method Standard Methods 2540C


			12 mg/L


			± 5%


			Balance calibration, triplicate samples





			Water Density


			Standard Methods 227


			0.0001 g/mL


			±0.0%


			Triplicate measurements





			Alkalinity


			Titration, standard methods 102


			4 mg/L


			±3 mg/L


			Triplicate titrations





			Dissolved Inorganic Carbon (DIC)


			Carbon analyzer, phosphoric acid digestion of DIC


			0.002%


			±10%


			Triplicate analyses, daily calibration





			Total Organic Carbon (TOC)


			Carbon analyzer; total carbon by 900°C pyrolysis minus DIC = TOC


			0.002%


			±10%


			Triplicate analyses, daily calibration





			Carbon Isotopes (14/12C, 13/12C) 


			Accelerator MS 


			10-15


			 ±4‰ for 14C; ±0.2‰ for 13C


			Triplicate analyses





			Water Isotopes (2H/1H, 18/16O) 


			Water equilibration coupled with IRMS ; Alternatively, consider WS-CRDS


			10-9


			 IRMS: ±1.0‰ for 2H; ±0.15‰ for 18O; WS-CRDS: ±0.10‰ for 2H; ±0.025‰ for 18O


			Triplicate analyses





			Radon (222Rn) 


			Liquid scintillation after pre-concentration 


			 5 mBq/L 


			 ±10% 


			Triplicate analyses





			Naphthalene Sulfonate or Benzoic Acid Tracer (aqueous phase)


			Liquid chromatography-mass spectrometry (LC-MS) or gas chromatography with electron capture detector (ECD)


			5 parts per trillion (5 x 1012) or 10 parts per quadrillion (10 x 1015)


			Varies with conc.,±30% at detection limit


			Duplicates 10% of samples, significant number of blanks for cross-contamination





			Perfluorocarbon Tracer (PFT) (scCO2 or gas phase)


			Gas chromatography with electron capture detector (ECD)


			10 parts per quadrillion (10 x 1015)


			Varies with conc., ±30% at detection limit


			Duplicates 10% of samples, significant number of blanks for cross-contamination





			pH


			pH electrode


			2 to 12 pH units


			±0.2 pH unit 
For indication only


			User calibrate, follow manufacturer recommendations





			Specific conductance


			Electrode


			0 to 100 mS/cm


			±1% of reading 
For indication only


			User calibrate, follow manufacturer recommendations





			Temperature


			Thermocouple


			5 to 50°C


			±0.2°C 
For indication only


			Factory calibration





			ICP = inductively coupled plasma; IRMS = isotope ratio mass spectrometry; MS = mass spectrometry; 
OES = optical emission spectrometry; WS-CRDS = wavelength scanned cavity ring-down spectroscopy











Laboratory to be used/ chain of custody procedures: 


[Not specified.]


Quality assurance and surveillance measures:


Data quality assurance and surveillance protocols adopted by the project will be designed to facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance (QA) requirements for direct measurements within the injection zone, above the confining zone, and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA requirements for selected geophysical methods, which provide indirect measurements of CO2 nature and extent and are being tested for their applicability under site conditions, are not addressed in this plan. These measurements will be performed based on best industry practices and the QA protocols recommended by the geophysical services contractors selected to perform the work. 


Plan for guaranteeing access to all monitoring locations: 


The location of these wells has been finalized, pending final signing of landowner agreements. The land will either be purchased or leased for the life of the project, so access will be secured.


Indirect Carbon Dioxide Plume and Pressure Front Tracking 


FutureGen will track the carbon dioxide plume and pressure front to meet the requirements of 40 CFR 146.93(b).


The frequency of indirect plume and pressure-front monitoring activities during the post-injection phase, based on the information submitted in January 2014, is given in Table 12.


[bookmark: _Ref380051567]Table 12. Monitoring schedule for indirect plume and pressure-front monitoring.


			Monitoring Technique


			Location


			Frequency 
(Post-Injection Phase)





			Integrated deformation monitoring


			5 locations (see Figure 12 below)


			Continuous





			Passive seismic monitoring (microseismicity)


			Surface measurements (see Figure 12 below) plus downhole sensor arrays at ACZ Wells 1 and 2


			Continuous











Integrated deformation monitoring


Integrated deformation monitoring integrates ground data from permanent GPS stations, tiltmeters, supplemented with annual DGPS surveys, and larger-scale Differential Interferometric Synthetic Aperture Radar (DInSAR) surveys to detect and map temporal ground-surface deformation.  These data reflect the dynamic geomechanical behavior of the subsurface in response to CO2 injection.  These measurements will provide useful information on the evolution and symmetry of the pressure front.  These results will be compared with model predictions throughout the operational phase of the project and significant deviation in observed response would result in further action, including a detailed evaluation of the observed response, calibration/refinement of the numerical model, and possible modification to the monitoring approach and/or storage site operations.  


Integrated deformation monitoring will take place at the locations shown in Figure 12.


[image: ]


[bookmark: _Ref378853396]Figure 12. Collocated Microseismic and Integrated Surface Deformation Monitoring Stations.


Passive seismic monitoring (microseismicity)


Note: Some of this information may need to be included in the Emergency and Remedial Response Plan instead of or in addition to the Testing and Monitoring Plan.


The objective of the microseismic monitoring network (Figure 12; downhole arrays will also be installed at the two ACZ wells) is to accurately determine the locations, magnitudes, and focal mechanisms of injection-induced seismic events with the primary goals of: 1) addressing public and stakeholder concerns related to induced seismicity, 2) estimating the spatial extent of the pressure front from the distribution of seismic events, and 3) identifying features that may indicate areas of caprock failure and possible containment loss. Once a seismic event has been identified, a decision must be made regarding the level of impact a given event could have on storage site operations, what the response will be. This decision and response framework will consist of an automated event location and magnitude determination, followed by an alert for a technical review in order to reduce the likelihood of false positives. Identification of events with sufficient magnitude or that are located in a sensitive area (caprock) will be used as input for decisions that guide the adaptive strategy. Seismic events that affect the operations of CO2 injection can be divided into two groups/tiers:  1) events that create felt seismicity at the surface and may lead to public concern or structural damage, and 2) events not included in group one, but that might indicate failure or impending failure of the caprock. The operational protocol for responding to events in group one (Tier I) will follow a “traffic light” approach (modified after Zoback 2012; National Research Council 2012) that uses three operational states: 


1. Green:  Continue normal operations unless injection-related seismicity is observed with magnitudes greater than M=2.


2. Yellow:  Injection-related seismic events are observed with magnitude 2 < M< 4. The injection rate will be slowed and the relationship between rate and seismicity will be studied to guide mitigation procedures, including reduced operational flow rates. 


3. Red:  Magnitude 4 or greater seismic events. Injection operations will stop and an evaluation will be performed to determine the source and cause of the ground motion.


Tier II operational responses to an event or collection of events that indicate possible failure of the primary confining zone may include initiation of supplemental adaptive monitoring activities, injection rate reduction in one or more injection laterals, or pressure reduction using brine extraction wells.


Proposed Schedule for Submitting Post-Injection Monitoring Results


FutureGen will submit monitoring reports annually.


During the post-injection site care period, monitoring reports will be prepared and submitted to the EPA Region 5 UIC office annually Post-injection site care monitoring reports will be submitted within 90 days of completion of field work associated with the monitoring event. The reports will summarize methods and results of the groundwater-quality monitoring, CO2 storage zone pressure tracking, and indirect geophysical monitoring for CO2 plume tracking. Monitoring reports will include appropriate sampling records, laboratory analysis, and field data.





From Draft UIC Program Guidance on Class VI Well Plugging, Post-Injection Site Care, and Site Closure:





EPA requests that the following information be submitted with all reports: 


· A list of all monitoring events that have taken place during the reporting period and all monitoring dates


· Identification of any data gaps


· Identification of any changes to the monitoring program during the reporting period (e.g., drilling of new monitoring wells, closure of monitoring wells)


· Presentation, synthesis, and interpretation of the entire historical data set of monitoring results, with respect to any change in risk of endangerment to USDWs


· Any necessary changes to the project PISC and Site Closure Plan to continue protection of USDWs


· For groundwater geochemistry monitoring using wells: The most recent and up-to-date historical database of all groundwater monitoring results and Quality Assurance/Quality Control (QA/QC) monitoring results


· Interpretation of any changing trends and evaluation of fluid leakage and migration, including uncertainty analysis (if appropriate). This may include graphs of relevant trends and interpretive diagrams (e.g., Piper and Stiff diagrams)


· A map showing all monitoring wells and indicating those wells that are believed to be in the location of the separate-phase carbon dioxide plume


· An evaluation of data quality for each sampling event


· Copies of all laboratory analytical reports


· Records of calibration of all field instrumentation


· A description of all sampling equipment and sampling methods used


· Sample chain of custody records


· The name and contact information for the EPA-certified laboratory conducting the analysis


· Documentation of the monitoring well construction specifications (or reference to previously submitted documentation), sampling procedure, laboratory analytical procedure, and QA/QC standards.


· For groundwater pressure monitoring: Measured depth to fluid, or pressure transducer readings in all wells, fluid density, and fluid temperature


· If using pressure transducers, records of the most recent calibration or verification of the measurement instruments


· Records of the surveying of wellhead and measurement point elevations (or reference to previously submitted documentation)


· Measured pressure in all wells


· Time-series graphs and pressure or head maps used in interpretation of pressure data. 


· For geophysical surveys: A description and technical justification of all survey techniques and methodologies used (or reference to previously submitted documentation) 


· A map showing the location of all survey equipment positions during the test


· Maps showing the interpreted location of separate-phase carbon dioxide in the injection zone and its location in any additional zones in which it was detected using geophysical surveys.





The post-injection site care monitoring plan will be reviewed prior to cessation of injection operations.  Monitoring and operational results will be reviewed for adequacy in relation to objectives of the post-injection site care monitoring. The monitoring locations, methods, and schedule will be analyzed in relation to the size of the CO2 storage zone, pressure front, and protection of USDWs. If the post- injection site care plan changes, a modified plan will be submitted to the EPA Region 5 UIC Branch for approval within 30 days of implementing the changes in the field.





The post-injection site care plan will be reviewed every 5 years during the post-injection site care period. Results of the plan review will be included in the post-injection site care monitoring reports. Monitoring and operational results will be reviewed for adequacy in relation to the objectives of post- injection site care monitoring. The monitoring locations, methods, and schedule will be analyzed in relation to the size of the CO2 storage zone, pressure front, and protection of USDWs. In case of change to the post-injection site care plan, a modified plan will be submitted to the EPA Region 5 UIC Branch for approval within 30 days of making of the changes.





Table 13. Post-injection phase reporting schedule.


			Planned Testing/Monitoring


			Reporting Schedule





			Groundwater Quality Monitoring Data


			Annual





			Carbon Dioxide Plume and Pressure Front Tracking Data


			Annual





			Direct Pressure Monitoring Data


			Annual





			Indirect Carbon Dioxide Plume and Pressure Front Tracking Data


			Annual











Alternative Post-Injection Site Care Timeframe


FutureGen is not requesting an alternative post-injection site care timeframe.


Non-Endangerment Demonstration Criteria


During the PISc, the owner or operator may submit a demonstration of non-endangerment of USDWs to reduce the initial permitted PISC monitoring timeframe. EPA suggestions for non-endangerment demonstrations begin on Pg. 41 of the guidance and include:


 3.3.1 Summary of Existing Monitoring Data 


3.3.2 Comparison of Monitoring Data and Model Predictions and Model Documentation


3.3.3 Evaluation of Carbon Dioxide Plume


3.3.4 Evaluation of Mobilized Fluids


3.3.5 Evaluation of Reservoir Pressure


3.3.6 Evaluation of Potential Conduits for Fluid Movement


Site Closure Plan


FutureGen will conduct site closure activities to meet the requirements of 40 CFR 146.93(e). 


Site closure will occur at the end of the post-injection site care period. Site-closure activities will include decommissioning surface equipment, plugging monitoring wells, restoring the site, and preparing and submitting site closure reports. The EPA Region 5 UIC Branch will be notified at least 120 days before site closure. In addition, state and local agencies including the Illinois State Geological Survey and Illinois Department of Natural Resources, as well as City of Jacksonville and Morgan County agencies will be notified prior to the scheduled site closure. 





At this time, there are no federally recognized Native American Tribes located within the AoR or the State of Illinois (http://www.ncsl.org/research/state-tribal-institute/list-of-federal-and-state-recognized-tribes.aspx). If a federally recognized Native American Tribe exists in the AoR or the State of Illinois at the time of site closure, it will be notified of site closure at that time. 


A revised site-closure plan will be submitted to the EPA Region 5 UIC Branch and state and local (and tribal) governmental agencies, if any changes have been made to the original site-closure plan. After site closure is authorized, site-closure field activities will be completed. 





Site Closure Reporting 





A site-closure report will be submitted to the EPA Region 5 UIC Branch and the previously notified state and local regulatory agencies within 90 days of site closure. The site-closure report will include the following information: 


· documentation of appropriate well plugging, including a survey plat of the injection well location 


· documentation of the well-plugging report to Illinois and local agencies that have authority over drilling activities at the facility site 


· records reflecting the nature, composition, and volume of the CO2 injected in UIC wells. 


· In association with site closure, a record of notation on the facility property deed will be added to provide any potential purchaser of the property with the following information: 


· notification that the subsurface is used for CO2 storage 


· the name of the Illinois and local agencies and the EPA Region 5 Office to which the survey plat was submitted 


· the volume of fluid injected, the injection zone, and the period over which injection occurred. 





Post-injection site care and site closure records will be retained for 10 years after site closure. At the conclusion of this 10-year period, these records will be delivered to the EPA Region 5 UIC Branch for further storage.





Planned Remedial/Site Restoration Activities


At the end of the post-injection site care phase, FutureGen will ensure the site is reclaimed and returned to pre-development condition to meet the requirements of 40 CFR 146.93(e). 


Surface equipment decommissioning will occur in two phases: the first phase will occur after the active injection phase, and the second phase will occur at the end of post-injection site care phase. The surface facilities at the storage site will include the Site Control Building and the WAPMMS (Well Annular Pressure Maintenance and Monitoring System) Building.


At the end of the active injection period, plume monitoring will continue, but there will be no further need for the pumping and control equipment. The Site Control Building will be demolished. All features will be removed except the WAPMMS Building, a 12-ft-wide access road with five parking spaces, a concrete sidewalk from the parking lot to the building, underground electrical and telephone services, and a chain-link fence surrounding the building. The common wall between the WAPMMS Building and the Site Control Building will be converted to an exterior wall. The injection wells will be plugged and capped below grade (see Chapter 6.0). The gravel pad will be removed. The WAPMMS Building at the storage site will be repurposed to act as the collection node for data from the plume monitoring equipment. The building will contain equipment to receive real-time data from the monitoring wells and other monitoring stations and send the data via an internet connection to be analyzed offsite during the 50-year post-injection monitoring period.


All surface facilities will be removed at the end of the post-injection site care phase. These facilities will include the WAPMMS Building, the access road with parking spaces, all sidewalks, underground electrical and telephone services, and fencing at the injection well sites. The site will be reclaimed to and returned to pre-development condition.


Plugging the Monitoring Wells 


FutureGen will plug the monitoring wells to meet the requirements of 40 CFR 146.93(e).There are two types of well completion designs being considered: one with a perforated-cased horizontal lateral, the other with an open, uncased horizontal lateral.


Since FutureGen did not propose performing regular MIT tests of the monitoring wells, we should verify whether they will perform one on the monitoring wells before plugging.


Upon site closure, all monitoring wells will be plugged and capped below grade in accordance with the approved monitoring well P&A Plans. All deep monitoring wells at the site will be plugged to prevent any upward migration of the CO2 or formation fluids to USDWs. Each of the deep monitoring wells will be plugged and abandoned using best practices to prevent and communication of fluids between the injection zone and the USDWs. The deep monitoring wells in the injection interval have a direct connection between the injection formation and ground surface. The well-plugging program will be designed to prevent communication between the injection zone and the USDWs.





Before the wells are plugged, the internal and external integrity of the wells will be confirmed by conducting cement-bond, temperature, and noise logs on each of the wells. In addition, a pressure fall-off test will be performed above the perforated intervals (where present) to confirm well integrity. The results of the logging and testing will be reviewed and approved by appropriate regulatory agencies prior to plugging the wells.





The wells with perforations (the injection zone monitoring wells and the ACZ monitoring wells) will be plugged using a CO2-resistant cement retainer method to cement the perforated intervals and a balanced plug method to cement the well above the perforated zones and the cement retainer. The seismic monitoring well will not have perforations; therefore, only the balanced plug method will be used to plug these wells. Once the interior of the casing has been properly plugged with cement, the casing will be cut off below ground and capped. Regulations at the time of the plugging and abandonment will dictate the specifications regarding the depth at which the casing is cut and the method used to cap the well.





Each injection well casing will be plugged with cement and 6 percent water gel spacers to ensure that the well does not provide a conduit from the injection zone to the USDW zone or ground surface. As mentioned above, two types of well completion designs are being considered: one with a perforated-cased horizontal lateral, the other with an open, uncased horizontal lateral. The procedures for plugging and abandoning both types of horizontal CO2 injection wells are very similar, whether they are a cased and perforated completion or an open-hole completion. However, cement volumes will differ depending upon the total depth and horizontal length of the well. Table 6.1 summarizes the plugging plans for each type of well completion and describes intervals that will be plugged and the materials and methods that will be used to plug the intervals. 





For both well completion designs, the portion of the well corresponding to the injection zone will be plugged using CO2-resistant cement with a retainer method. Class A well cements are formulated in accordance with API Specification 10A (API 2010) standards and are similar to ASTM Type I Portland cements (ASTM C465, ASTM 2010). CO2-resistant cement is formulated with the addition of pozzalan or other materials that reduce production of calcium hydroxide and calcium silicate hydrate, that weaken cements in the presence of CO2. The cement retainer will be set at a depth of 3,900 ft, at the contact between the Eau Claire Formation and the Mount Simon Sandstone, and will be constructed of corrosion resistant materials. Depending upon the horizontal length and well construction, approximately 450 to 1,475 sacks of CO2-resistant cement will be used to plug the injection interval (this includes a 10 percent excess volume to be squeezed through the perforations into the Mount Simon Sandstone). 





The pressure used to squeeze the cement will be determined from the bottom-hole pressure data measured before beginning the plugging and abandonment process. However, the injection pressure of the cement will not exceed the fracture pressure of the Mount Simon Sandstone. If it appears that the injection pressure will exceed the fracture pressure and the total amount of cement has not been pumped into the injection zone, cement pumping will cease and the tubing will be removed from the cement retainer to allow the pressure to return to static conditions. After allowing the pressure to reduce, the tubing will be re-strung through the cement retainer and cement pumping will be attempted again. A rapid increase in pressure on the tubing would indicate that the perforations have been sealed with cement, and no additional cement will be added to the zone or plug. 





After the remainder of the casing has been filled with cement, the casing sections will be cut off approximately 5 ft bgs, and a steel cap will be welded to the top of the deep casing string. The cap will have the well identification number, the UIC Class VI permit number, and the date of plug and abandonment inscribed on it. Soil will be backfilled around the well to bring the area around the well back to pre-well-installation grade. This area will then be planted with natural vegetation.





The methods and materials described in this plan are based upon current understanding of the geology at the site and current well designs. If necessary, the plans will be updated to reflect the latest well designs. These new designs, materials, and methods will be described in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well. 





After the completion of the plugging activities, a plugging report will be submitted to the UIC Program Director describing the methods used and test performed on the well during plugging. This report will be submitted to the UIC Program Director within 60 days of completing the plugging activities. 





Plugging the Verification Well 


			Information on Plugs:


			


			


			


			


			


			


			





			 


			Plug #1


			Plug #2


			Plug #3


			Plug #4


			Plug #5


			Plug #6


			Plug #7





			Diameter of Boring in Which Plug Will be Placed


			 


			 


			 


			 


			 


			 


			 





			Depth to Bottom of Tubing or Drill Pipe


			 


			 


			 


			 


			 


			 


			 





			Sacks of Cement to be Used (each plug)


			 


			 


			 


			 


			 


			 


			 





			Slurry Volume to be Pumped


			 


			 


			 


			 


			 


			 


			 





			Slurry Weight


			 


			 


			 


			 


			 


			 


			 





			Top of Plug


			 


			 


			 


			 


			 


			 


			 





			Bottom of Plug


			 


			 


			 


			 


			 


			 


			 





			Type of Cement or Other Material


			 


			 


			 


			 


			 


			 


			 





			Method of Emplacement (e.g., balance method, retainer method, or two-plug method)


			 


			 


			 


			 


			 


			 


			 











Attachments:


Injection well construction plan/schematics showing depth to tubing stub, exposed formation intervals, casing diameters, depths, etc.





Information on formations, depths to USDWs, etc.





Schematic/drawings of the placement of all plugs.





Tests or Measures to Determine Bottom-Hole Pressure





Bottom-hole pressure measurements will be used to determine the pressure required to squeeze the cement from the well casing into the injection reservoir. In addition, these data will be used to determine the need for well control equipment. The weight of brine required to prevent the well from flowing will be calculated using this information. The pressure measurements will also be used to determine the formulation of cement to be used to plug the well (i.e., cement-setting retardants may need to be added to the cement to prevent premature setting and curing of the cement).





Bottom-hole pressure measurements will be performed and recorded throughout the duration of the project. Pressure gauges will be placed in the injection tubing or within the deep casing string within the injection zone, and these pressure-measurement devices will allow for continuous, real-time, surface readout of the pressure data. The bottom-hole reservoir pressure will be obtained using the final measurements from the pressure gauges in the injection zone after the injection of CO2. After the bottom-hole pressure is determined, a buffered fluid (brine) will be used to flush and fill each well to maintain pressure control of the well. The bottom-hole pressure will be used to determine the proper weight of brine that should be used to stabilize each well.





Injection Well Testing to Ensure Mechanical Integrity





The mechanical integrity of each well must be demonstrated after CO2 injection and prior to the plugging of the well to ensure conduits between the injection zone and the USDWs or ground surface have not developed. External mechanical integrity will be evaluated by performing temperature logging on the injection well..





The temperature log will be run over the entire depth of each injection well. Data from the logging run will be evaluated for anomalies in the temperature curve, which would be indicative of fluid migration outside of the injection zone. These data will also be compared to data from the logs performed prior to injection of CO2 into the well. Deviations between the temperature logs performed before and after the injection of CO2 may indicate issues related to the integrity of the well casing or cement.





Plugging Plan 





Each injection well casing will be plugged with cement and 6 percent water gel spacers to ensure that the well does not provide a conduit from the injection zone to the USDW zone or ground surface. Two types of well completion designs are being considered: one with a perforated-cased horizontal lateral, the other with an open, uncased horizontal lateral. The procedures for plugging and abandoning both types of horizontal CO2 injection wells are very similar, whether they are a cased and perforated completion or an open-hole completion. However, cement volumes will differ depending upon the total depth and horizontal length of the well.





For both well completion designs, the portion of the well corresponding to the injection zone will be plugged using CO2-resistant cement with a retainer method. Class A well cements are formulated in accordance with API Specification 10A (API 2010) standards and are similar to ASTM Type I Portland cements (ASTM C465, ASTM 2010). CO2-resistant cement is formulated with the addition of pozzalan or other materials that reduce production of calcium hydroxide and calcium silicate hydrate, that weaken cements in the presence of CO2. The cement retainer will be set at a depth of 3,900 ft, at the contact between the Eau Claire Formation and the Mount Simon Sandstone, and will be constructed of corrosion resistant materials. Depending upon the horizontal length and well construction, approximately 450 to 1,475 sacks of CO2-resistant cement will be used to plug the injection interval (this includes a 10 percent excess volume to be squeezed through the perforations into the Mount Simon Sandstone).





The pressure used to squeeze the cement will be determined from the bottom-hole pressure data measured before beginning the plugging and abandonment process. However, the injection pressure of the cement will not exceed the fracture pressure of the Mount Simon Sandstone. If it appears that the injection pressure will exceed the fracture pressure and the total amount of cement has not been pumped into the injection zone, cement pumping will cease and the tubing will be removed from the cement retainer to allow the pressure to return to static conditions. After allowing the pressure to reduce, the tubing will be re-strung through the cement retainer and cement pumping will be attempted again. A rapid increase in pressure on the tubing would indicate that the perforations have been sealed with cement, and no additional cement will be added to the zone or plug.





After the remainder of the casing has been filled with cement, the casing sections will be cut off approximately 5 ft bgs, and a steel cap will be welded to the top of the deep casing string. The cap will have the well identification number, the UIC Class VI permit number, and the date of plug and abandonment inscribed on it. Soil will be backfilled around the well to bring the area around the well back to pre-well-installation grade. This area will then be planted with natural vegetation.





The methods and materials described in this plan are based upon current understanding of the geology at the site and current well designs. If necessary, the plans will be updated to reflect the latest well designs. These new designs, materials, and methods will be described in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well.





After the completion of the plugging activities, a plugging report will be submitted to the UIC Program Director describing the methods used and test performed on the well during plugging. This report will be submitted to the UIC Program Director within 60 days of completing the plugging activities.





Plugging the Geophysical Well:





See P&A Plans. 





Tests or Measures to Determine Bottom-Hole Pressure





Bottom-hole pressure measurements will be used to determine the pressure required to squeeze the cement from the well casing into the injection reservoir. In addition, these data will be used to determine the need for well control equipment. The weight of brine required to prevent the well from flowing will be calculated using this information. The pressure measurements will also be used to determine the formulation of cement to be used to plug the well (i.e., cement-setting retardants may need to be added to the cement to prevent premature setting and curing of the cement).





Bottom-hole pressure measurements will be performed and recorded throughout the duration of the project. Pressure gauges will be placed in the injection tubing or within the deep casing string within the injection zone, and these pressure-measurement devices will allow for continuous, real-time, surface readout of the pressure data. The bottom-hole reservoir pressure will be obtained using the final measurements from the pressure gauges in the injection zone after the injection of CO2. After the bottom-hole pressure is determined, a buffered fluid (brine) will be used to flush and fill each well to maintain pressure control of the well. The bottom-hole pressure will be used to determine the proper weight of brine that should be used to stabilize each well.





Injection Well Testing to Ensure Mechanical Integrity





The mechanical integrity of each well must be demonstrated after CO2 injection and prior to the plugging of the well to ensure conduits between the injection zone and the USDWs or ground surface have not developed. External mechanical integrity will be evaluated by performing temperature logging on the injection well, as described in Section 5.3.2.





The temperature log will be run over the entire depth of each injection well. Data from the logging run will be evaluated for anomalies in the temperature curve, which would be indicative of fluid migration outside of the injection zone. These data will also be compared to data from the logs performed prior to injection of CO2 into the well. Deviations between the temperature logs performed before and after the injection of CO2 may indicate issues related to the integrity of the well casing or cement.





Plugging Plan 





Each injection well casing will be plugged with cement and 6 percent water gel spacers to ensure that the well does not provide a conduit from the injection zone to the USDW zone or ground surface. As discussed in Chapter 4.0, two types of well completion designs are being considered: one with a perforated-cased horizontal lateral, the other with an open, uncased horizontal lateral. The procedures for plugging and abandoning both types of horizontal CO2 injection wells are very similar, whether they are a cased and perforated completion or an open-hole completion. However, cement volumes will differ depending upon the total depth and horizontal length of the well.





For both well completion designs, the portion of the well corresponding to the injection zone will be plugged using CO2-resistant cement with a retainer method. Class A well cements are formulated in accordance with API Specification 10A (API 2010) standards and are similar to ASTM Type I Portland cements (ASTM C465, ASTM 2010). CO2-resistant cement is formulated with the addition of pozzalan or other materials that reduce production of calcium hydroxide and calcium silicate hydrate, that weaken cements in the presence of CO2. The cement retainer will be set at a depth of 3,900 ft, at the contact between the Eau Claire Formation and the Mount Simon Sandstone, and will be constructed of corrosion resistant materials. Depending upon the horizontal length and well construction, approximately 450 to 1,475 sacks of CO2-resistant cement will be used to plug the injection interval (this includes a 10 percent excess volume to be squeezed through the perforations into the Mount Simon Sandstone).





The pressure used to squeeze the cement will be determined from the bottom-hole pressure data measured before beginning the plugging and abandonment process. However, the injection pressure of the cement will not exceed the fracture pressure of the Mount Simon Sandstone. If it appears that the injection pressure will exceed the fracture pressure and the total amount of cement has not been pumped into the injection zone, cement pumping will cease and the tubing will be removed from the cement retainer to allow the pressure to return to static conditions. After allowing the pressure to reduce, the tubing will be re-strung through the cement retainer and cement pumping will be attempted again. A rapid increase in pressure on the tubing would indicate that the perforations have been sealed with cement, and no additional cement will be added to the zone or plug.





After the remainder of the casing has been filled with cement, the casing sections will be cut off approximately 5 ft bgs, and a steel cap will be welded to the top of the deep casing string. The cap will have the well identification number, the UIC Class VI permit number, and the date of plug and abandonment inscribed on it. Soil will be backfilled around the well to bring the area around the well back to pre-well-installation grade. This area will then be planted with natural vegetation.





The methods and materials described in this plan are based upon current understanding of the geology at the site and current well designs. If necessary, the plans will be updated to reflect the latest well designs. These new designs, materials, and methods will be described in the Notice of Intent to Plug submitted at least 60 days prior to the plugging of the well.





After the completion of the plugging activities, a plugging report will be submitted to the UIC Program Director describing the methods used and test performed on the well during plugging. This report will be submitted to the UIC Program Director within 60 days of completing the plugging activities.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Bayer, MaryRose; Vermeul, V R (Vince); Greenhagen. Andrew; Allan Batka; Elkins, Timothy
Subject: RE: updated draft PISC for your review and reply

Date: Tuesday, February 25, 2014 10:17:00 AM

Tyler,

That sounds good. Can you include Allan and Tim (I'll cc: them here). I'll let Molly let you know if
any of the Cadmus contractors will sit in on the call.

Maybe 2 or 3pm CST?

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]

Sent: Tuesday, February 25, 2014 9:50 AM

To: McDonald, Jeffrey

Cc: Bayer, MaryRose; Vermeul, V R (Vince); Greenhagen, Andrew
Subject: Re: updated draft PISC for your review and reply

Jeff,
We received the PISC, thank you. I'll review and provide an estimated turnaround

time.

Also, are you available today for a conference call on the Testing and Monitoring
Plan? We'd like to run some items by you to get your input before completing
the T&M plan. Vince Vermeul, our lead on the monitoring, has some questions.
Thanks

Tyler

From: <McDonald>, Jeff McDonald <mcdonald.jeffrey@epa.gov>
Date: Monday, February 24, 2014 11:49 AM

To: Tyler Gilmore <tyler.gilmore@pnnl.gov>

Cc: "Greenhagen, Andrew" <Greenhagen.Andrew@epa.gov>, "Elkins, Timothy"

<elkins.timothy@epa.gov>, "Batka, Allan" <batka.allan@epa.gov>, "Bayer, MaryRose"

<Bayer.MaryRose@epa.gov>, "Smith, Robert H" <smith.roberth@epa.gov>, "Krueger, Thomas"
<krueger.thomas@epa.gov>, "McAuliffe, Mary" <mcauliffe.mary@epa.gov>,
"Shari.Ring@cadmusgroup.com" <Shari.Ring@cadmusgroup.com>
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Subject: RE: updated draft PISC for your review and reply

Oops

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288

mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Monday, February 24,2014 1:40 PM

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Elkins, Timothy; Batka, Allan; Bayer, MaryRose; Smith, Robert H; Krueger,

Thomas; McAuliffe, Mary; Shari.Ring@cadmusgroup.com
Subject: updated draft PISC for your review and reply

Tyler,

Like | mentioned before, there were a lot of comments and discussion on this so it took a
little longer than we'd hoped. There is still quite a bit that needs the FGA's

attention. Thanks to all in the Region, HQ and Cadmus that helped with this.

Let me know when you think you can turn this around back to us by.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288

mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Lucinda Low Swartz

Cc: Bayer, MaryRose; Greenhagen, Andrew

Bcc: Saieh, Patrick; Krueger. Thomas; McAuliffe, Mary; Tiago. Joseph; Smith. Robert H; Rzeznik, Dana; Jann.
Stephen

Subject: Trust Agreement language for FGA FR

Date: Thursday, February 27, 2014 1:26:00 PM

Attachments: CO2 Storage Trust Aareement (Alliance - USBank) 2-27-2014 Rev.docx

Tyler and Lucy,

We had some additional “eyes” looking at the trust agreement language and propose the attached
new version.

Sorry for late changes, but we think they are worth addressing.

Let us know if you have any comments or questions,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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TRUST AGREEEMENT








Trust Agreement (Agreement), entered into as of



, 2014, by and





between the FutureGen Industrial Alliance, Inc. (Alliance), a non-profit 501(c)(3) corporation organized under the laws of the State of Delaware, the Grantor, and U.S. Bank National Association, a national banking association, the Trustee.








Whereas, the United States Environmental Protection Agency (EPA), an agency of the United States Government, has established certain regulations applicable to the Grantor requiring that an owner or operator of an injection well shall provide assurance that funds will be available when needed for corrective actions, injection well plugging, and post-injection site care and site


closure of the FutureGen 2.0 Class VI (carbon dioxide [CO2] geologic sequestration) injection wells,





Whereas, the Grantor has elected to establish a trust to provide all or part of such financial assurance for the facilities identified herein,








Whereas, the Grantor, acting through its duly authorized officers, has selected the Trustee to be the trustee under this agreement, and the Trustee is willing to act as trustee,


Now, therefore, the Grantor and the Trustee agree as follows: Section 1. Definitions as used in this Agreement:





(A) The term “Grantor” means the owner or operator who enters into this


Agreement and any successors or assigns of the Grantor.





[bookmark: _GoBack]


(B) The term “Trustee” means the Trustee who enters into this Agreement and any successor Trustee.





(C) “Facility” or “activity” means any underground injection well or any other facility or activity that is subject to regulation under the Underground Injection Control Program.





(D) Beneficiary (if any) means an entity other than EPA that has authority to direct the Trustee to make payments of Trust proceeds to contractors or other entities for corrective action, injection well plugging, and post- injection site care and site closure.	Comment by U.S. EPA: Restore this





(DE) EPA Water Division Director means the EPA Regional Director for Region V or an authorized representative.





Section 2. Identification of Facilities and Cost Estimates. This Agreement pertains to the facilities and cost estimates identified on attached Schedule A.











Trust Agreement between FutureGen Industrial Alliance, Inc. and U.S. Bank National Association (2-­‐10-­‐2014)	1





 	 	 	 	 





Section 3. Establishment of Fund. The Grantor and the Trustee hereby establish a CO2 Storage Trust Fund (Fund) for the benefit of the EPA. to satisfy the financial responsibility demonstration under the Class VI regulations for the FutureGen Alliance project. The Grantor and the Trustee acknowledge that the purpose of the Fund is to fulfill the Grantor’s corrective action, injection well plugging, and post-injection site care and site closure obligations described at 40 CFR §§


146.84 (Area of review and corrective action), 146.92 (Injection well plugging), and 146.93 (Post-injection site care and site closure), respectively. All expenditures from the Fund shall be to fulfill the legal obligations of the Grantor under such regulations, and not any obligation of


EPA. The Grantor and the Trustee intend that no independent third-party have access to the Fund


except as herein provided. The Fund is established initially as consisting of the property, which is acceptable to the Trustee, described in Schedule B attached hereto. Such property and any other property subsequently transferred to the Trustee is referred to as the Fund, together with all earnings and profits thereon, less any payments or distributions made by the Trustee pursuant to this Agreement. The Fund shall be held by the Trustee, IN TRUST, as hereinafter provided. The Trustee shall not be responsible nor shall it undertake any responsibility for the amount or adequacy of, nor any duty to collect from the Grantor, any payments necessary to discharge any responsibilities of the Grantor established by EPA regulations.








Section 4. Payment for Corrective Action, Injection Well Plugging, and Post-Injection Site Care  and Site Closure. The Trustee shall make payments from the Fund as the Water Division Director shall direct, in writing, to provide for the payment of the costs of corrective actions, injection well plugging, and post-injection site care and site closure of the injection wells covered by this Agreement. The Trustee shall use the Fund to reimburse the Grantor or other persons selected by the Grantor to perform work when the Water Division Director advises in writing that the work will be or was necessary for the fulfillment of the Grantor’s corrective actions, injection well plugging, and post-injection site care and site closure obligations described at 40 CFR 146.84,


146.92, and 146.93, respectively. The Water Division Director may advise the Trustee that


amounts in the Fund are no longer necessary to fulfill the Grantor’s obligations under 40 CFR


146.85 and that the Trustee may refund the remaining funds to the Grantor. Upon refund, such


funds shall no longer constitute part of the Fund as defined herein.








Section 5. Payments Comprising the Fund. Payments made to the Trustee for the Fund shall consist of cash or securities acceptable to the Trustee. Schedule C provides the amounts and timing of the Alliance payments (i.e., the pay-in periods).








Section 6. Trustee Management. The Trustee shall invest and reinvest the principal and income of the Fund and keep the Fund invested as a single fund, without distinction between principal and income, in accordance with general investment policies and guidelines which the Grantor may communicate in writing to the Trustee from time to time, subject, however, to the provisions of this Section. In investing, reinvesting, exchanging, selling, and managing the Fund, the


Trustee shall discharge its duties with respect to the trust fund solely in the interest of the


Grantor and with the care, skill, prudence, and diligence under the circumstances then prevailing which persons of prudence, acting in a like capacity and familiar with such matters, would use in the conduct of an enterprise of a like character and with like aims; except that:








(A) Securities or other obligations of the Grantor, or any other owner or operator of the facilities, or any of their affiliates as defined in the


Investment Company Act of 1940, as amended, 15 U.S.C. 80a–2.(a), shall not be acquired or held, unless they are securities or other obligations of the federal or a state government;








(B) The Trustee is authorized to invest the Fund in time or demand


deposits of the Trustee, to the extent insured by an agency of the federal or


state government; and








(C) The Trustee is authorized to hold cash awaiting investment or distribution un-invested for a reasonable time and without liability for the payment of interest thereon.








Section 7. Commingling and Investment. The Trustee is expressly authorized in its discretion:








(A) To transfer from time to time any or all of the assets of the Fund to any common, commingled, or collective trust fund created by the Trustee in which the Fund is eligible to participate, subject to all of the provisions thereof, to be commingled with the assets of other trusts participating therein; and








(B) To purchase shares in any investment company, except as specified in writing by the owner or operator, registered under the Investment Company Act of 1940, 15 U.S.C. 80a–1 et seq., including one which may be created, managed, underwritten, or to which investment advice is rendered or the shares of which are sold by the Trustee. The Trustee may vote shares in its discretion.








Section 8. Express Powers of Trustee. Without in any way limiting the powers and discretions conferred upon the Trustee by the other provisions of this Agreement or by law, the Trustee is expressly authorized and empowered:








(A) To sell, exchange, convey, transfer, or otherwise dispose of any property held by it, by public or private sale. No person dealing with the Trustee shall be bound to see to the application of the purchase money or to inquire into the validity or expediency of any such sale or other disposition;








(B) To make, execute, acknowledge, and deliver any and all documents of transfer and conveyance and any and all other instruments that may be necessary or appropriate to carry out the powers herein granted;








(C) To register any securities held in the Fund in its own name or in the name of a nominee and to hold any security in bearer form or in book entry, or to combine certificates representing such securities with
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certificates of the same issue held by the Trustee in other fiduciary capacities, or to deposit or arrange for the deposit of such securities in a qualified central depository even though, when so deposited, such securities may be merged and held in bulk in the name of the nominee of such depositary with other securities deposited therein by another person, or to deposit or arrange for the deposit of any securities issued by the United States Government, or any agency or instrumentality thereof, with a Federal Reserve bank, but the books and records of the Trustee shall at all times show that all such securities are part of the Fund;








(D) To deposit any cash in the Fund in interest-bearing accounts maintained or savings certificates issued by the Trustee, in its separate corporate capacity, or in any other banking institution affiliated with the Trustee, to the extent insured by an agency of the federal or state government; and








(E) To compromise or otherwise adjust all claims in favor of or against the


Fund.








Section 9. Taxes and Expenses. All taxes of any kind that may be assessed or levied against or in respect of the Fund and all brokerage commissions incurred by the Fund shall be paid from the Fund. All other expenses incurred by the Trustee in connection with the administration of this Trust, including fees for legal services rendered to the Trustee, the compensation of the Trustee


to the extent not paid directly by the Grantor, and all other proper charges and disbursements of


the Trustee shall be paid from the Fund.








Section 10. Annual Valuation. The Trustee shall annually, at least 30 days prior to the anniversary date of establishment of the Fund, furnish to the Grantor and to the Water Division Director a statement confirming the value of the Trust. Any securities in the Fund shall be valued at market value as of no more than 60 days prior to the anniversary date of establishment of the Fund. The failure of the Grantor to object in writing to the Trustee within 90 days after the statement has been furnished to the Grantor and the Water Division Director shall constitute a conclusively binding assent by the Grantor, barring the Grantor from asserting any claim or liability against the Trustee with respect to matters disclosed in the statement.








Section 11. Advice of Counsel. The Trustee may from time to time consult with counsel, who may be counsel to the Grantor, with respect to any question arising as to the construction of this Agreement of any action to be taken hereunder. The Trustee shall be fully protected, to the extent permitted by law, in acting upon the advice of counsel.








Section 12. Trustee Compensation. The Trustee shall be entitled to reasonable compensation for its services as agreed upon in writing from time to time with the Grantor.








Section 13. Successor Trustee. The Trustee may resign or the Grantor may replace the Trustee, but such resignation or replacement shall not be effective until the Grantor has appointed a





successor trustee and this successor accepts the appointment. The successor trustee shall have the same powers and duties as those conferred upon the Trustee hereunder. Upon the successor trustee's acceptance of the appointment, the Trustee shall assign, transfer, and pay over to the successor trustee the funds and properties then constituting the Fund. If for any reason the


Grantor cannot or does not act in the event of the resignation of the Trustee, the Trustee may apply to a court of competent jurisdiction for the appointment of a successor trustee or for instructions. The successor trustee shall specify the date on which it assumes administration of the trust in a writing sent to the Grantor, the Water Division Director, and the present Trustee by certified mail 10 days before such change becomes effective. Any expenses incurred by the Trustee as a result of any of the acts contemplated by this Section shall be paid as provided in Section 9.








Section 14. Instructions to the Trustee. All orders, requests, and instructions by the Grantor to the Trustee shall be in writing, signed by such persons as are designated in the attached Exhibit A or such other designees as the Grantor may designate by amendment to Exhibit A. The Trustee shall be fully protected in acting without inquiry in accordance with the Grantor's orders, requests, and instructions. All orders, requests, and instructions by the Water Division Director to the Trustee shall be in writing, signed by the Water Division Director, and the Trustee may rely on these instructions with to the extent permissible by law. The Trustee shall have the right to assume, in the absence of written notice to the contrary, that no event constituting a change or a termination of the authority of any person to act on behalf of the Grantor or EPA hereunder has occurred. The Trustee shall have no duty to act in the absence of such orders, requests, and instructions from the Grantor and/or EPA, except as provided for herein.








Section 15. Notice of Nonpayment. The Trustee shall notify the Grantor and the Water Division Director, by certified mail within 10 days following the expiration of the 30-day period after the anniversary of the establishment of the Trust, if no payment is received from the Grantor during that period. After the pay-in period is completed, the Trustee shall not be required to send a notice of nonpayment.








Section 16. Amendment of Agreement. This Agreement may be amended by an instrument in writing executed by the Grantor, the Trustee, with the concurrence of the Water Division Director, or by the Trustee and the Water Division Director if the Grantor ceases to exist. Provided,


however, that EPA may not be named as a beneficiary of the Trust, receive funds from the Trust, or direct that Trust funds be paid to a particular entity selected by EPA.








Section 17. Cancelation, Irrevocability and Termination. Subject to the right of the parties to amend this Agreement as provided in Section 16, this Trust shall be irrevocable and shall continue until terminated at the written agreement of the Grantor, the Trustee, with the concurrence of the Water Division Director, or by the Trustee and the Water Division Director if the Grantor ceases to exist. Upon termination of the Trust, all remaining trust property, less final


trust administration expenses, shall be delivered to the Grantor.








Section 18. Immunity and Indemnification. The Trustee shall not incur personal liability of any nature in connection with any act or omission, made in good faith, in the administration of this Trust, or in carrying out any directions by the Grantor issued in accordance with this Agreement.





The Trustee shall be indemnified and saved harmless by the Grantor or from the Trust Fund, or both, from and against any personal liability to which the Trustee may be subjected by reason of any act or conduct in its official capacity, including all expenses reasonably incurred in its defense in the event the Grantor fails to provide such defense. EPA does not indemnify either the Grantor or the Trustee due to the restrictions imposed by the Anti-Deficiency Act, 31 U.S.C.


1341. Rather, any claims against EPA are subject to the Federal Tort Claims Act, 28 U.S.C.


2671, 2680.








Section 19. Choice of Law. This Agreement shall be administered, construed, and enforced according to the laws of the State of Illinois with regard to claims by the Grantor, or Trustee or Beneficiary (if any). Claims involving EPA are subject to federal law.








Section 20. Interpretation. As used in this Agreement, words in the singular include the plural and words in the plural include the singular. The descriptive headings for each Section of this Agreement shall not affect the interpretation or the legal efficacy of this Agreement.





In Witness Whereof the parties have caused this Agreement to be executed by their respective officers duly authorized and attested as of the date first above written.











Signature of Grantor’s Authorized Representative:  	 Name of Grantor’s Authorized Representative: Kenneth K. Humphreys, Jr.


Title: Chief Executive Officer








Attest:








Signature:                                                                                                                  Name of Attester:                                                                                                      Title of Attester:                                                                                                       











Signature of Trustee’s Authorized Representative:  	 Name of Trustee’s Authorized Representative:  	


Title:  	








Attest:








Signature:                                                                                                                  Name of Attester:                                                                                                      Title of Attester:                                                                                                       

















Certification of Acknowledgement of Notary:








Schedule A: Facilities and Cost Estimates to Which the Trust Agreement Applies





Because the four injection wells covered by this Agreement will be similarly constructed


and drilled from a single well pad, the CO2 injected through the four wells will form one co- mingled CO2 plume. Therefore, funds noted in the table below apply to all four injection wells as one integrated facility.





			Facility


			Corrective Action





($ million)


			Injection Well


Plugging





($ million)


			Post-injection Site Care and Site Closure


($ million)





			EPA Identification Number [to be assigned]: Morgan County Class VI UIC Well #1


73 Central Park Plaza E Jacksonville, IL 62650


			















































$0.623


			















































$2.723


			















































$21.722





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #2


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #3


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #4


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			











Schedule B: Trust Fund Property








Because the four injection wells covered by this Agreement will be similarly constructed


and drilled from a single well pad, the CO2 injected through the four wells will form one co- mingled CO2 plume. Therefore, funds noted in the table below apply to all four injection wells as one integrated facility.








			Facility


			Funding Value for Activities





			EPA Identification Number [to be assigned]: Morgan County Class VI UIC Well #1


73 Central Park Plaza E Jacksonville, IL 62650


			












































$25,068,000.00





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #2


73 Central Park Plaza E Jacksonville, IL 62650


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #3


73 Central Park Plaza E Jacksonville, IL 62650


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #4


73 Central Park Plaza E Jacksonville, IL 62650


			











Schedule C: Pay-in Periods





The CO2 Trust Fund will be funded according to when the financial risks are incurred on the


FutureGen 2.0 Project in three distinct activities:





•	Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually need to be incurred. Therefore, the trust account will be funded with the cost of plugging injection and monitoring wells as soon asprior to when drilling the well begins. The Alliance’s estimated cost of this activity is $2.723 million.


•	Injection: As soon as injection of CO2 begins in the Class VI well(s), certain activities will necessarily need to occur (corrective action that is performed on a phased basis, post- injection site care and monitoring, and site closure). Therefore, the trust account should


be funded with the costs associated with these activities. The Alliance’s estimated cost of this activity is $22.345 million.


•	Post-Injection: While all costs must be covered at the start of the post-injection phase, the trust account may phase out these costs as the activities are completed (with approval from the Water Division Director). For example, once wells have been plugged, their corresponding plugging costs may be subtracted from the total value of the trust account. Thus, no additional funds will be required for this activity.





Within seven calendar days after the issuance of final Class VI Underground Injection Control (UIC) permits for the Morgan County injection wells, the Alliance will ensure that $2.723 million is in the CO2 Trust Fund to cover the cost of plugging injection and monitoring wells in the Pre-Injection Period.





On or before the one-year anniversary of the issuance of the final Class VI UIC permits for the Morgan County injection wells, and at least seven calendar days prior to EPA authorization for the start of CO2 injection in any of the wells (whichever is earlier), the Alliance will ensure that	Comment by Jaime Rooke: I thought we had agreed on a 3-year pay-in-period. This paragraph, and Table 1, suggest that they will deposit the entire remaining amount in one year. This is better for EPA, but inconsistent with the agreement I believed was in place from the phone conversations.


an additional $22.345 million is in the CO2 Trust Fund to cover the costs of the Injection and Post-Injection


Periods.





These amounts are based on the third-party cost estimate submitted by the Alliance in its Supporting Documentation: Underground Injection Control Class VI Injection Well Permit Applications for FutureGen 2.0 Morgan County Wells 1, 2, 3, and 4, dated March 2013 (Appendix C). These costs are subject to review and approval by EPA and may be adjusted for inflation or any change to the cost estimate in accordance with 40 CFR § 146.85(c)(2).




















Table 1 shows the activities and estimated costs according to when the payments would be required (i.e., at the start of the “Pre-Injection” phase or at the start of the “Injection and Post- Injection Phase”).











Table 1: Payment Schedule





			














Funding


			














Activities


			








Costs (millions of dollars)


			Total Value of


Trust at the Start of Phase (millions of dollars)	Comment by U.S. EPA: See comment JR2





			Pre-Injection (within 7 days of final permit


issuance)


			


Plugging Injection and


Monitoring Wells


			








2.723


			








2.723





			Injection and Post- Injection (within 1 year of final permit issuance, or at least 7 days prior to injection, whichever comes first)	Comment by U.S. EPA: See comment JR2


			


AoR and Corrective Action


			


0.623


			








22.34525.068	Comment by U.S. EPA: Heading indicates this should be the total value, not just the added value





			


			Post-Injection Site Care


(Includes Monitoring)


			


18.32


			





			


			


Closure


			


3.402


			

















Exhibit A	FutureGen Industrial Alliance, Inc. Designee Authorized to Instruct Trustee








Kenneth K. Humphreys, Jr. Chief Executive Officer


FutureGen Industrial Alliance, Inc.


73 Central Park Plaza East


Jacksonville, Illinois 62650


217/243-8215











The FutureGen Industrial Alliance, Inc., as Grantor, may designate other designees by amendment to this Exhibit.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Akhavan, Maryam; Greenhagen, Andrew; Bayer, MaryRose; Roy, Stephen
Subject: discussion points for 2/19 phone call on critical pressure calculations at FG
Date: Tuesday, February 18, 2014 1:40:00 PM

Tyler,

Here are some comments and questions that Maryam came up with regarding the method FG
proposes. These are not for action. They are just to help guide the discussion on tomorrow’s phone
call. Can you pass them on to the relevant PNNL people that will be joining us?

Jeff

Comments on “Analysis of impacts on lowermost USDW from focused leakage of Brine from
plugged and abandoned or poorly constructed wells at the FutureGen 2.0 site”

1-

2-

The top boundary condition used for the analytical solution was not provided in the report;
please provide the description of the top boundary condition.

FG indicated in Table 1, page 8 of the report that hydraulic conductivity of the St. Peter
Sandstone was taken from Waverly project (26 km from the center of FG 2.0 injection
wells) listed by Buschbach and Bond (1967,1974). A sensitivity analysis for the hydraulic
conductivity of the St. Peter Sandstone by using a higher value needs to be done.

FG calculated the thickness of the reservoir, 330 ft, by combining the upper permeable
portion of the Mt. Simon (Mt. simon6 model layer) and the Emhurst member of the Eau
Clair Formation. It would be helpful if a sensitivity analysis for the thickness of the reservoir
using a smaller value, 208 ft, is done (combining the injection interval, Mt. Simon 11, and
upper part of it and Eau Clair Formation).

FG used hydraulic conductivity of 30 mD for the Ironton Sandstone formation (first thief
zone layer) by using average representative samples form sidewall core analyses. Average
hydraulic conductivity values used for this formation in the model was 26.3 mD. It is more
conservative to test a smaller value such as 25 mD for this layer.

FG indicated in Table 1, page 8 of the report that hydraulic conductivity of the New
Richmond sandstone was taken from Waverly project (26 km from the center of FG 2.0
injection wells) listed by core laboratories (1966). A sensitivity analysis for the hydraulic
conductivity of the New Richmond sandstone by using a lower value needs to be done.

FG used hydraulic conductivity of 9000 mD for the Potosi Dolomite (second thief zone
layer). They indicated that “Preliminary estimates using a very conservative analysis based
on the fluid losses during drilling indicate that the permeabilities of the lost-circulation
zones are at least 5,000 mD. The permeability of the Potosi Dolomite at the Cabot waste
injection well in Tuscola, lllinois, has been reported as 9,000 mD.”, Please provide the
reference for 9000 mD?

Also, they indicated that “Greb et al. (2009) listed permeabilities of core samples
measurements for the Copper Ridge Formation, a vuggy dolomite similar to the Potosi, for
a DuPont waste injection well in Louisville, Kentucky. The average horizontal permeability
for the Copper Ridge Formation at the Louisville site, as reported by Greb et al. (2009), was
60 mD with the values ranging up to 632 mD.”. FG used the 9000-mD for the base case and
reported the result for one set of simulation with the lower value of 60 mD. Using the
lower value of 60 mD result is more conservative.

FG determined hydraulic properties of the injection reservoir based on fitting the simulated
reservoir pressure responses from the injection model used in the UIC permit at the two
well locations of interest. It is not clear that if the hydraulic conductivity of the injection
reservoir is different for the base case and the case where the lower value of 60 mD is used
for the Potosi Dolomite. If the same value was used, FG needs to determine the hydraulic
properties of the injection reservoir using the value of 60 mD for the Potosi Dolomite.



mailto:Tyler.Gilmore@pnnl.gov

mailto:Akhavan.Maryam@epa.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:Bayer.MaryRose@epa.gov

mailto:roy.stephen@epa.gov



7- FG indicated on page 9 of the report that they used Equation 4 of EPA 2011 AOR guidance
document for the threshold pressure calculation. This equation has been modified in the
EPA 2013 AOR guidance document (Equation 2). Please use this equation and recalculate
the hydraulic head difference and provide the detailed calculation in the report.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Bayer, MaryRose; Greenhagen, Andrew; Akhavan, Maryam; Krueger, Thomas; McAuliffe, Mary
Subject: draft AOR plan

Date: Wednesday, February 12, 2014 1:40:00 PM

Attachments: AOR plan-Review-01152014.docx

Tyler,

There are so many pieces in motion, it is hard to give each the time they deserve. We thought that
giving you this draft now with some of our comments and observations (below) would help move

things along faster.

Jeff

Regarding the AOR plan:

Pg. 3; figure needs to reflect revised injection zone (including the lower Lombard) or the
graphic could be eliminated.

Confirmed injection interval depth with FGA. This is identified in graphics on pages 4, 7, 11,
13 (table 3.8), 15, and 16. The text on page 5 (1.2) needs to be changed to show the revised
injection zone.

Pg. 19; Gupta and Blair (1997) at the beginning of the last paragraph. Or is it Gupta and
Bair?

Pg. 20; Is the lack of regional groundwater flow map something that has to be addressed
now or is it of limited value?

Pg. 27; AOR delineation method needs to be inserted here, however, we are still evaluating
it.

Pg. 29; Although | agree that a quantitative threshold makes sense, | thought that we had
struggled concept. What is an appropriate threshold? I'll look at the guidance in case I'm
forgetting something from that.

Pg. 29; As far as a schedule to reevaluate, can the FGA propose something?

Pg. 29; | agree with the seismic event or other emergency, but | think we would have to be
explicit about what magnitude or type of emergency.

leffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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FutureGen Industrial Alliance, Inc.
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Jacksonville, IL 62650


Telephone: 217/243-8215
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Computational Modeling





Model Name: STOMP-CO2 simulator


Model Authors/Institution: White et al. 2012; White and Oostrom 2006; White and McGrail 2005 / Pacific Northwest National Laboratory (PNNL)


Description of model:


The simulations conducted for this investigation were executed using the STOMP-CO2 simulator (White et al. 2012; White and Oostrom 2006; White and Oostrom 2000). STOMP-CO2 was verified against other codes used for simulation of geologic disposal of CO2 as part of the GeoSeq code intercomparison study (Pruess et al. 2002).


Partial differential conservation equations for fluid mass, energy, and salt mass compose the fundamental equations for STOMP-CO2. Coefficients within the fundamental equations are related to the primary variables through a set of constitutive relationships. The salt transport equations are solved simultaneously with the component mass and energy conservation equations. The solute and reactive species transport equations are solved sequentially after the coupled flow and transport equations. The fundamental coupled flow equations are solved using an integral volume finite-difference approach with the nonlinearities in the discretized equations resolved through Newton-Raphson iteration. The dominant nonlinear functions within the STOMP-CO2 simulator are the relative permeability-saturation-capillary pressure (k-s-p) relationships.


The STOMP-CO2 simulator allows the user to specify these relationships through a large variety of popular and classic functions. Two-phase (gas-aqueous) k-s-p relationships can be specified with hysteretic or nonhysteretic functions or nonhysteretic tabular data. Entrapment of CO2 with imbibing water conditions can be modeled with the hysteretic two-phase k-s-p functions. Two-phase k-s-p relationships span both saturated and unsaturated conditions. The aqueous phase is assumed to never completely disappear through extensions to the s-p function below the residual saturation and a vaporpressure lowering scheme. Supercritical CO2 has the function of a gas I these two-phase k-s-p relationships.


For the range of temperature and pressure conditions present in deep saline reservoirs, four phases are possible: 1) water-rich liquid (aqueous), 2) CO2-rich vapor (gas), 3) CO2-rich liquid (liquid-CO2), and 4) crystalline salt (precipitated salt). The equations of state express 1) the existence of phases given the temperature, pressure, and water, CO2, and salt concentration; 2) the partitioning of components among existing phases; and 3) the density of the existing phases. Thermodynamic properties for CO2 are computed via interpolation from a property data table stored in an external file. The property table was developed from the equation of state for CO2 published by Span and Wagner (1996). Phase equilibria calculations in STOMP-CO2 use the formulations of Spycher et al. (2003) for temperatures below 100°C and Spycher and Pruess (2010) for temperatures above 100°C, with corrections for dissolved salt provided in Spycher and Pruess (2010). The Spycher formulations are based on the Redlich-Kwong equation of state with parameters fitted from published experimental data for CO2-H2O systems. Additional details regarding the equations of state used in STOMP-CO2 can be found in the guide by White et al. (2012)


A well model is defined as a type of source term that extends over multiple grid cells, where the well diameter is smaller than the grid cell. A fully coupled well model in STOMP-CO2 was used to simulate the injection of scCO2 under a specified mass injection rate, subject to a pressure limit. When the mass injection rate can be met without exceeding the specified pressure limit, the well is considered to be flow controlled. Conversely, when the mass injection rate cannot be met without exceeding the specified pressure limit, the well is considered to be pressure controlled and the mass injection rate is determined based on the injection pressure. The well model assumes a constant pressure gradient within the well and calculates the injection pressure at each cell in the well. The CO2 injection rate is proportional to the pressure gradient between the well and surrounding formation in each grid cell. By fully integrating the well equations into the reservoir field equations, the numerical convergence of the nonlinear conservation and constitutive equations is greatly enhanced.





Model Inputs and Assumptions:





1. Model Domain


1.1 Site Geology


The regional geology of Illinois is well known from wells and borings drilled in conjunction with hydrocarbon exploration, aquifer development and use, and coal and commercial mineral exploration. Related data are largely publicly available through the Illinois State Geological Survey (ISGS)[footnoteRef:1] and the U.S. Geological Survey (USGS)[footnoteRef:2]. In addition, the DOE has sponsored a number of studies by the Midwest Geologic Sequestration Consortium[footnoteRef:3] to evaluate subsurface strata in Illinois and adjacent states as possible targets for the containment of anthropogenic CO2 (Figure 1- (Figure 2.1)). [1:  http://www.isgs.uiuc.edu/]  [2:  http://www.usgs.gov/]  [3:  http://sequestration.org/
] 



To support the evaluation of the Morgan County site as a potential carbon storage site a deep stratigraphic well was drilled and extensively characterized. The stratigraphic well, located at longitude 90.0528W, latitude 39.8067N, is approximately 1 mi (1.6 km) east of the planned storage site. The stratigraphic well reached a total depth of 4,826 ft (1,471 m) bgs within the Precambrian basement. The well penetrated 479 ft (146 m) of the Eau Claire Formation and 512 ft (156 m) of the Mount Simon Sandstone. The stratigraphic well was extensively characterized, sampled, and geophysically logged during drilling. A total of 177 ft of whole core were collected from the lower Eau Claire-upper Mount Simon Sandstone and 34 ft were collected from lower Mount Simon Sandstone-Precambrian basement interval. In addition to whole drill core, a total of 130 side-wall core plugs were obtained from the combined interval of the Eau Claire Formation, Mount Simon Sandstone, and the Precambrian basement. In Figure 2 (Figure 2.11), cored intervals are indicated with red bars; rotary side-wall core and core-plug locations are indicated to the left of the lithology panel. Standard gamma ray and resistivity curves are shown in the second panel. The proposed injection interval (location of the horizontal wells’ injection laterals) is highlighted on the geophysical log panels in Figure 2.
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Figure 1
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Figure 2





1.1.1	 Seismic profile


Two two-dimensional (2D) surface seismic lines, shown in Figure 3 (Figure 2.14), were acquired in January 2011 along public roads near the proposed Morgan County CO2 storage site. The seismic lines are not of optimal quality due to seismic noise, but they do not indicate the presence of obvious faults or large changes in thickness of the injection or confining zones. Both profiles indicate a thick sequence of Paleozoic-aged rocks with a contact between Precambrian and Mount Simon at 640 ms and a contact between Eau Claire and Mount Simon at 580 ms. Some vertical disruptions, which extend far below the sedimentary basin, remain and their regular spatial periodicity is unlikely related to faults. A fault can usually be recognized and interpreted in seismic data if it creates a quasi-vertical displacement of 20 ms or more in several successive reflection events. The amount of vertical fault throw that would produce a 20-ms vertical displacement would be (0.01 sec) X (P-wave interval velocity), for whatever interval velocity is appropriate local to a suspected fault. For the interval from the surface down to the Eau Claire at the FutureGen site in Morgan County, the P-wave interval velocity local to seismic lines L101 and L201 ranges from approximately 7,000 ft/s (shallow) to approximately 12,000 ft/s (deep). Thus, faults having vertical throws of 120 ft at the Eau Claire, and perhaps as little as 70 ft at shallow depths, should be detected if they traverse either profile. No faults with a clear vertical displacement have been identified; the only clear observation that can be made is the existence of a growth fault that affects Mount Simon and Eau Claire formations in the eastern part of the L201 profile at offset 28,000 ft. This growth fault is more than 1.5 miles away from the outermost edge of the CO2 plume and does not extend far upward in the overburden. For these reasons, it is highly unlikely that it could affect the integrity of the reservoir. The closest known earthquake to the FutureGen 2.0 Project site (Intensity VII, magnitude 4.8 – non-instrumented record) occurred on July 19, 1909, approximately 28 mi (45 km) north of the site; it caused slight damage. Most of the events in Illinois occurred at depths greater than 3 km (1.9 mi). ISGS recently acquired a new 120-mi long seismic reflection survey across central Illinois as part of a DOE-sponsored research project to characterize reservoir rocks for geologic storage of carbon dioxide. The continuous east-west line extends from Meredosia to southwestern Champaign County (Figure 3). This line, which is currently under re-processing, will supply additional information about the structure of the sedimentary layers which will be correlated to the observations made on both profiles L101 and L201.
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Figure 3


1.2 Conceptual model 


A stratigraphic conceptual model of the geologic layers from the Precambrian basement to ground surface was constructed using the EarthVision® software package. The model domain for the Morgan County CO2 storage site consists of the injection zone (Mount Simon and Elmhurst), the primary confining zone (Lombard and Proviso), the Ironton-Galesville, and the secondary confining zone (Davis-Ironton and the Franconia). Borehole data from the FutureGen 2.0 stratigraphic well and data from regional boreholes and published regional contour maps were used as input data. However, units below the Shakopee Dolomite and above the Eau Claire Formation were assumed to have a constant thickness based on the stratigraphy observed at the stratigraphic well. There is a regional dip of approximately 0.25 degrees in the east-southeast direction. Preliminary simulations were conducted to determine the extent of the model domain so that lateral boundaries were distant enough from the injection location so as not to influence the model results and an expanded 100- x 100-mi conceptual model was constructed. These surfaces were gridded in EarthVision® based on borehole data and regional contour maps and make up the stratigraphic layers of the computational model. The three dimensional, boundary-fitted numerical model grid was designed to have constant grid spacing with higher resolution in the area influenced by the CO2 injection (3- by 3-mi area), with increasingly larger grid spacing moving out in all lateral directions toward the domain boundary. 


The conceptual model hydrogeologic layers were defined for each stratigraphic layer based on zones of similar hydrologic properties. The hydrologic properties (permeability, porosity) were deduced from geophysical well logs and side-wall cores. The lithology, deduced from wireline logs and core data, was also used to subdivide each stratigraphic layer of the model. Based on these data, the Mount Simon Sandstone was subdivided into 17 layers, and the Elmhurst Sandstone (member of the Eau Claire Formation) was subdivided into 7 layers (Figure 4- (Figure 3.2)). These units form the injection zone. The Lombard and Proviso members of the Eau Claire Formation were subdivided respectively into 14 and 5 layers. The Ironton Sandstone was divided into four layers, the Davis Dolomite into three layers, and the Franconia Formation into one layer. Some layers (“split” label in Figure 4) have similar properties but have been subdivided to maintain a reasonable thickness of layers within the injection zone as represented in the computational model. The thickness of the layers varies from 4 to 172 ft, with an average of 26 ft. Figure 5 (Figure 3.14) shows the numerical model grid for the entire 100- by 100-mi domain and also for the 3- by 3-mi area with higher grid resolution and uniform grid spacing of 200 ft by 200 ft. The model grid contains 125 nodes in the x-direction, 125 nodes in the y-direction, and 51 nodes in the z-direction for a total number of nodes equal to 796,875. The expanded geologic model was queried at the node locations of the numerical model to determine the elevation of each surface for the stratigraphic units at the numerical model grid cell centers (nodes) and cell edges. Then each of those layers was subdivided into the model layers by scaling the thickness to preserve the total thickness of each stratigraphic unit. Once the vertical layering was defined, material properties were mapped to each node in the model. 























[image: ]


Figure 4
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Figure 5





1.3 Simulation time period


Based on measured pressures in the alluvial aquifer system and the injection zone, it was determined that the pressure differential needed to force fluids from the injection zone into the surficial alluvial aquifer system through a hypothetical conduit was 31.45 psi. Therefore, once the pressure differential in the injection zone falls below this value, the simulation time period conditions are satisfied. The preliminary simulations show that by year 60 the pressure differential is below 30 psi at the location of the injection well. Hence, the final representative case simulations were executed for a period of 100 years.


2. Processes Modeled


Physical processes modeled in the reservoir simulations included isothermal multi-fluid flow and transport for a number of components (e.g., water, salt, and CO2) and phases (e.g., aqueous and gas). Isothermal conditions were modeled because it was assumed that the temperature of the injected CO2 will be similar to the formation temperature. Reservoir salinity is considered in the simulations because salt precipitation can occur near the injection well in higher permeability layers as the rock dries out during CO2 injection. This can completely plug pore throats, making the layer impermeable, thereby reducing reservoir injectivity and affecting the distribution of CO2 in the reservoir. No porosity and permeability reduction due to salt precipitation was modeled (Input Advisory). 


Injected CO2 partitions in the reservoir between the free (or mobile) gas, entrapped gas, and aqueous phases. Sequestering CO2 in deep saline reservoirs occurs through four mechanisms: 1) structural trapping, 2) aqueous dissolution, 3) hydraulic trapping, and 4) mineralization. Structural trapping is the long-term retention of the buoyant gas phase in the pore space of the reservoir rock held beneath one or more impermeable caprocks. Aqueous dissolution occurs when CO2 dissolves in the brine resulting in an aqueous-phase density greater than the ambient conditions. Hydraulic trapping is the pinch-off trapping of the gas phase in pores as the brine re-enters pore spaces previously occupied by the gas phase. Generally, hydraulic trapping only occurs upon the cessation of CO2 injection. Mineralization is the chemical reaction that transforms formation minerals to carbonate minerals. In the Mount Simon Sandstone, the most likely precipitation reaction is the formation of iron carbonate precipitates. A likely reaction between CO2 and shale is the dewatering of clays. Laboratory investigations are currently quantifying the importance of these reactions at the Morgan County CO2 storage site. Based on its experiments, the FutureGen Alliance (the Alliance) expects to see a small mass of precipitates (KCl, NaCl) forming near the injection well from the scCO2 displacement of water, and does not expect to see the formation of any significant carbonate precipitates in this year (or years) time scale. Iron does precipitate, but concentrations are too low (<0.6 mmol/L) relative to carbonate mass to be a precipitate issue. Simulations by others (White et al. 2005) of scCO2 injection in a similar sandstone (also containing iron oxides) shows that over significantly longer time scales (1000+ years), alumino silicate dissolution and alumino silicate precipitation incorporating significant carbonate (dawsonite) is predicted, as well as precipitation of some calcite. That predicted mineral trapping did permanently sequester 21% of the carbonate mass, thus decreasing scCO2 transport risk (More details are presented in the response to NOD-December 10, 2013, Appendix A). Therefore, the simulations described here did not include mineralization reactions. However, the STOMP-CO2 simulator does account for precipitation of salt during CO2 injection. The CO2 stream provided by the plant to the storage site is no less than 97 percent dry basis CO2. Because the amount of impurities is small, for the purposes of modeling the CO2 injection and redistribution for this project, it was assumed that the injectate was pure CO2.


3. Rock Properties


3.1 	Intrinsic Permeability


3.1.1 	Site characterization


Permeability in the sandstones, as measured in rotary side-wall cores and plugs from whole core, appears to be dominantly related to grain size and abundance of clay. In Figure 2, ELAN-calculated permeability (red curve) is in the third panel, along with two different lab measurements of permeability for each rotary side-wall core. Horizontal permeability (Kh) data in the stratigraphic well outnumber vertical permeability (Kv) data, because Kh could not be determined from rotary side-wall cores. However, Kv/Kh ratios were successfully determined for 20 vertical/horizontal siliciclastic core-plug pairs cut from intervals of whole core. Within the Mount Simon Sandstone, the horizontal permeabilities of the lower Mount Simon alluvial fan lithofacies range from 0.005 to 0.006 mD and average ratios of vertical to horizontal permeabilities range from 0.635 to 0.722 (at the 4,318−4,388 ft KB depth, Figure 2). Horizontal core-plug permeabilities range from 0.032 to 2.34 mD at the 3,852−3,918 ft KB depth; Kv/Kh ratios for these same samples range from 0.081 to 0.833. The computed lithology track for the primary confining zone indicates the upward decrease in quartz silt and increase in carbonate in the Proviso member, along with a decrease in permeability. The permeabilities of the rotary side-wall cores in the Proviso range from 0.000005 mD to 1 mD. Permeabilities in the Lombard member range from 0.001 mD to 28 mD, reflecting the greater abundance of siltstone in this interval, particularly in the lowermost part of the member. Whole core plugs and associated vertical permeabilities are available only from the lowermost part of the Lombard. Thin (few inches/centimeters), high-permeability sandstone streaks resemble the underlying Elmhurst; low-permeability siltstone and mudstone lithofacies have vertical permeabilities of 0.0004-0.465 mD, and Kv/Kh ratios of 0.000 to 0.17. The ELAN geophysical logs indicated permeabilities are generally less than the wireline tool limit of 0.01 mD throughout the secondary confining zone. Two rotary side-wall cores were taken from the Franconia, and three side-wall cores were cut in the Davis member. Laboratory-measured rotary sidewall core (horizontal) permeabilities are very low (0.001−0.000005 mD). The permeabilities of the two Franconia samples were measured with a special pulse decay permeameter; the sample from 3,140 ft bgs (957 m) has a permeability less than the lower instrument limit of 0.000005 mD. Vertical core plugs are required for directly determining vertical permeability and there are no data from the stratigraphic well for vertical permeability or for determining vertical permeability anisotropy in the secondary confining zone. However, Kv/Kh ratios of 0.007 have been reported elsewhere for Paleozoic carbonate mudstones (Saller et al. 2004).


3.1.2 	Model Parameters


Intrinsic permeability data sources for the FutureGen 2.0 stratigraphic well include computed geophysical wireline surveys (CMR and ELAN logs), and where available, laboratory measurements of rotary SWCs, core plugs from the whole core intervals, and hydrologic tests (including wireline [MDT]), and packer tests. For model layers within the injection reservoir section (i.e., Elmhurst Sandstone and Mount Simon Sandstone; 3,852 to 4,432 ft [1174 to 1350 m]) wireline ELAN permeability model permKCal produced by Schlumberger (red curve on Figure 2). This model, calibrated by rotary side-wall and core plug permeabilities, provides a continuous permeability estimate over the entire injection reservoir section. This calibrated permeability response was then slightly adjusted, or scaled, to match the composite results obtained from the hydrologic packer tests over uncased intervals. For injection reservoir model layers within the cased well portion of the model, no hydrologic test data are available, and core-calibrated ELAN log response was used directly in assigning average model layer permeabilities. The hydraulic packer tests were conducted in two zones of the Mount Simon portion of the reservoir. The Upper Zone (3,948 ft bkb to 4,194 ft bkb) equates to layers 6 through 17 of the model, while the Lower Zone (4,200 ft bkb to 4,512 ft bkb) equates to layers 1 through 5. The most recent ELAN-based permeability-thickness product values are 9,524 mD-ft for the 246-ft-thick section of the upper Mount Simon corresponding to the Upper Zone and 3,139 mD-ft for the 312-ft-thick section of the lower Mount Simon corresponding to the Lower Zone. The total permeability-thickness product for the open borehole Mount Simon is 12,663 mD-ft, based on the ELAN logs. Results of the field hydraulic tests suggest that the upper Mount Simon permeability-thickness product is 9,040 mD-ft and the lower Mount Simon interval permeability-thickness product is 775 mD-ft. By simple direct comparison, the packer test for the upper Mount Simon is nearly equivalent (~95 percent) to the ELAN-predicted value, while the lower Mount Simon represents only ~25 percent of the ELAN-predicted value. Because no hydrologic test has been conducted in the Elmhurst Sandstone reservoir interval, a conservative scaling factor of 1 has been assigned to this interval, based on ELAN PermKCal data (The permeabilities used for this formation were the ELAN PermKCal values without applying a scaling factor). The sources of data for confining zones (Franconia to Lombard Formations) are similar to those for the injection zone reservoir, with the exception that no hydrologic or MDT test data are available. ELAN log-derived permeabilities are unreliable below about 0.01 mD (personal communication from Bob Butsch, Schlumberger, 2012). Because the average log-derived permeabilities (permKCal wireline from ELAN log) for most of the caprock layers are at or below 0.01 mD, an alternate approach was applied. For each model layer the core data were reviewed, and a simple average of the available horizontal Klinkenburg permeabilities was then calculated for each layer. Core samples that were noted as having potential cracks and/or were very small were eliminated if the results appeared to be unreasonable based on the sampled lithology. If no core samples were available and the arithmetic mean of the PermKCal was below 0.01 mD, a default value of 0.01 mD was applied (Lombard9 is the only layer with a 0.01-mD default value). Because the sandstone intervals of the Ironton-Galesville Sandstone have higher permeabilities that are similar in magnitude to the modeled reservoir layers, the Ironton-Galesville Sandstone model layer permeabilities were derived from the arithmetic mean of the PermKCal permeability curve. Because no hydraulic test has been conducted in the primary confining zone, the scaling factor was assigned to be 100 percent in this interval and the overburden formations. Figure 6 (Figure 3.3) shows the depth profile of the horizontal permeability assigned to each layer of the model and actual values assigned are listed in Table 1 (Table 3.8). Figure 7 (Figure 3.15) shows the distribution of horizontal and vertical permeability as it was assigned to the numerical model grid.
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Figure 6
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Figure 7


Table 1.
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3.2 	Porosity


Total (or absolute) porosity is the ratio of void space to the volume of whole rock. Effective porosity is the ratio of interconnected void space to the volume of the whole rock. As a first step in assigning porosity values for the FutureGen 2.0 numerical model layers, Schlumberger ELAN porosity log results were compared with laboratory measurements of porosity as determined from SWC and core plugs for specific sampling depth within the Mount Simon. The Schlumberger ELAN porosity logs examined include PIGN (Gamma-Neutron Porosity), PHIT (Total Porosity), and PIGE (Effective Porosity). The PIGN and PIGE wireline log surveys use different algorithms to identify clay- or mineral-bound fluid/porosity in calculating an effective porosity value. SWC porosity measurements are listed as “total porosity,” but their measurement can be considered to be determinations of “effective porosity,” because the measurement technique (weight measurements of heated/oven-dried core samples) primarily measures the amount of “free” or connected pore liquid contained within the SWC sample as produced by the heating process. It should be noted that the SWC porosity measurements were determined under ambient pressure conditions. In Figure 2, neutron- and density-crossplot porosity is shown in the fourth panel, along with lab-measured porosity for core plugs and rotary side-wall cores. An available porosity measurement data set for a conventional Mount Simon core plug sample taken near the top of the formation (depth 3,926 ft) indicates only minor changes in porosity for measurements taken over a wide range in pressure (i.e., ambient to 1,730 psi). This suggests that ambient SWC porosity measurements of the Mount Simon may be representative of in situ formation pore pressure conditions. The ELAN porosity log results generally underestimate the SWC porosity measured values.  As a result of the poor visual correlation of the PIGE survey results with SWC measurements, this ELAN log was omitted from subsequent correlation evaluations. To aid in the correlations, the gamma ray survey log (GR) was used as a screening tool for development of linear-regression correlation relationships between ELAN log responses and SWC porosity measurements. This helps account for the shale or clay content that can cause the inclusion of “bound water” porosity. To assign model layer porosities, the regression model relationships used to calibrate the ELAN measurement results (Figure 8-(Figure 3.9)) were applied to the ELAN survey results over the formational depths represented by the Mount Simon (3,918 to 4,430 ft) and overlying Eau Claire-Elmhurst member (3,852 to 3,918 ft) based on the gamma response criteria. The ELAN survey results are reported at 0.5-ft depth intervals. For stratigraphic units above the Elmhurst and/or depth intervals exhibiting gamma readings>64 API units, the uncalibrated, average ELAN log result for that depth interval was used. An average porosity was then assigned to the model layer based on the average of the calibrated ELAN values within the model layer depth range. Figure 9 (Figure 3.10) shows the depth profile of the assigned model layer porosities based on the average of the calibrated ELAN values. The actual values assigned for each layer are listed in Table 1.
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Figure 8
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Figure 9








3.3 	Rock (bulk) Density and Grain Density


Grain density data were calculated from laboratory measurements of SWCs. The data were then averaged (arithmetic mean) for each main stratigraphic layer in the model. Only the Proviso member (Eau Claire Formation) has been divided in two sublayers to be consistent with the lithology changes. Figure 10 (Figure 3.11) shows the calculated grain density with depth. The actual values assigned to each layer of the model are listed in Table 1. Grain density is the input parameter specified in the simulation input file, and STOMP-CO2 calculates the bulk density from the grain density and porosity for each model layer.
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Figure 10


3.4 	Formation compressibility


Limited information about formation (pore) compressibility estimates is available. The best estimate for the Mount Simon Sandstone (Table 2 (Table 3.7)) is that back-calculated by Birkholzer et al. (2008) from a pumping test at the Hudson Field natural-gas storage site, found 80 mi (129 km) northeast of the Morgan County CO2 storage site. The back-calculated pore-compressibility estimate for the Mount Simon of 3.71E−10 Pa−1 was used as a spatially constant value for their basin-scale simulations. In other simulations, Birkholzer et al. (2008) assumed a pore-compressibility value of 4.5E−10 Pa−1 for aquifers and 9.0E−10 Pa−1  for aquitards. Zhou et al. (2010) in a later publication used a pore-compressibility value of 7.42E−10 Pa−1 for both the Eau Claire Formation and Precambrian granite, which were also used for these initial simulations (Table 2). Because the site-specific data are limited to a single reservoir sample, only these two published values have been used for the model. The first value (3.71E-10 Pa−1) has been used for sands that are compressible because of the presence of porosity. The second value (7.42E-10 Pa−1) is assigned for all other rocks that are less compressible (dolomite, limestone, shale, and rhyolite). Table 1 lists the hydrologic parameters assigned to each model layer.


Table 2


[image: ]


3.5 	Constitutive Relationships


3.5.1 	Capillary pressure and saturation functions


Capillary pressure is the pressure difference across the interface of two immiscible fluids (e.g., CO2 and water). The entry capillary pressure is the minimum pressure required for an immiscible non-wetting fluid (i.e., CO2) to overcome capillary and interfacial forces and enter pore space containing the wetting fluid (i.e., saline formation water). Capillary pressure data determined from site-specific cores were not available at the time the model was constructed. However, tabulated capillary pressure data were available for several Mount Simon gas storage fields in the Illinois Basin. The data for the Manlove Hazen well (FutureGen Alliance, 2006) were the most complete. Therefore, these aqueous saturation and capillary pressure values were plotted and a user-defined curve fitting was performed to generate Brooks-Corey parameters for four different permeabilities (Figure 11- (Figure 3.12)). These parameters were then assigned to layers based on a permeability range as shown in Table 3 (Table 3.5).
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Figure 11


Table 3
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The Brooks-Corey (1964) saturation function is given as








where Sew is effective aqueous saturation, Pc is capillary pressure, Pe is gas entry pressure, and λ is the pore-size distribution parameter. Combined with the Burdine (1953) relative permeability model, the relative permeability for the aqueous phase, krw, and that for the non-aqueous phase, krn, are














Values for the residual aqueous saturation (Srw) and the two other parameters used in the Brooks-


Corey capillary pressure-saturation function (i.e. the non-wetting fluid entry pressure and a pore-size distribution parameter) were all obtained by fitting mercury (Hg) intrusion-capillary pressure data from the Manlove gas storage site in Champaign County. The fitting was applied after scaling the capillary pressures to account for the differences in interfacial tensions and contact angles for the brine-CO2 fluid pair, relative to vapor-liquid Hg used in the measurements. This approach has the major advantage that the three fitted parameters are consistent as they are obtained from the same original data set. The use of consistent parameter values is not the norm for brine-CO2 flow simulations in the Mt. Simon. 


The Srw values used in the modeling (Table 2) are indeed lower than the values found in the literature. The FutureGen Alliance was aware about these differences but opted to use a consistent data set for all retention parameter values instead of selecting parameter values from different data sources. An additional reason for using this approach is the considerable uncertainty in Srw values for Mt. Simon rock in the literature. In general, using a lower Srw value for the injection zone will possibly result in a somewhat smaller predicted CO2 plume size and a smaller spatial extent of the pressure front compared to using a higher value of Srw. Variation of Srw in the confining zone (cap rock) likely has relatively little impact on CO2 transport and pressure development owing to the typically much lower permeability of this zone relative to the underlying reservoir. 


3.5.2 	Gas entry pressure


No site-specific data were available for gas entry pressure; therefore, this parameter was estimated using the Davies (1991) developed empirical relationships between air entry pressure, Pe, and intrinsic permeability, k, for different types of rock:


Pe = a kb


where Pe takes the units of MPa and k the units of m2, a and b are constants and are summarized below for shale, sandstone, and carbonate (Davies 1991; Table 3 (Table 3.6)). The dolomite found at the Morgan County site is categorized as a carbonate. The Pe for the air-water system is further converted to that for the CO2-brine system by multiplying the interfacial tension ratio of a CO2-brine system  to an air-water system . An approximate value of 30 mN/m was used for  and 72 mN/m for .


3.5.3	 CO2 entrapment


The entrapment option available in STOMP-CO2 was used to allow for entrapment of CO2 when the aqueous phase is on an imbibition path (i.e., increasing aqueous saturation). Gas saturation can be free or trapped: 


sg = 1 - sl = sgf + sgt


where the trapped gas is assumed to be in the form of aqueous occluded ganglia and immobile. The potential effective trapped gas saturation varies between zero and the effective maximum trapped gas saturation as a function of the historical minimum value of the apparent aqueous saturation. No site-specific data were available for the maximum trapped gas saturation, so this value was taken from the literature. Suekane et al. (2009) used micro-focused x-ray CT to image a chip of Berea Sandstone to measure the distribution of trapped gas bubbles after injection of scCO2 and then water, under reservoir conditions. Based on results presented in the literature, a value of 0.2 was used in the model, representing the low end of measured values for the maximum trapped gas saturation in core samples.


4. Reservoir Properties


4.1 	Fluid pressure


An initial fluid sampling event from the Mount Simon Formation was conducted on December 14, 2011 in the stratigraphic well during the course of conducting open-hole logging. Sampling was attempted at 22 discrete depths using the MDT tool in the Quicksilver Probe configuration and from one location using the conventional (dual-packer) configuration. Pressure data were obtained at 7 of the 23 attempted sampling points, including one duplicated measurement at a depth of 4,048 ft bkb (Table 4-(Table 3.9)).


Regionally, Gupta and Bair (1997) presented borehole drill-stem test (DST) data that indicated hydraulic heads within the Mount Simon Sandstone are near hydrostatic levels. Pressure depth measurements for the Mount Simon at the FutureGen stratigraphic well indicate a similar condition with a pressure gradient of ~0.4375 psi/ft, which is slightly higher than hydrostatic conditions (0.4331 psi/ft). Gupta and Blair (1997) also modeled the seepage velocity and flow direction of groundwater in the Mount Simon Formation across an eight-state area that does not include the Morgan County area, but does include eastern Illinois. They concluded that for deep bedrock aquifers, the lateral flow patterns are away from regional basin highs arches, such as the Kankakee Arch, and toward the deeper parts of the Illinois Basin. With respect to vertical groundwater flow, Gupta and Blair (1997) surmised that within the deeper portions of the Illinois Basin, groundwater has the potential to flow vertically upward from the Mount Simon to the Eau Claire, and the vertical velocities are <0.01 in./yr. They estimated that 17 percent of the water recharging the Mount Simon basin-wide migrates regionally into the overlying Eau Claire, while 83 percent flows laterally within the Mount Simon hydrogeologic unit. Vertical flow potential at the FutureGen site was evaluated based on an analysis of discrete pressure/depth measurements obtained within the pilot characterization borehole over the depth interval of 1,148 to 4,263 ft. The results indicate that there is a positive head difference in the Mount Simon that ranges from 47.8 to 61.6 ft above the calculated St. Peter observed static hydraulic head condition (i.e., 491.1 ft above MSL). This positive head difference suggests a natural vertical flow potential from the Mount Simon to the overlying St. Peter if hydraulic communication is afforded (e.g., an open communicative well). It should also be noted, however, that the higher head within the unconsolidated Quaternary aquifer (~611 ft above MSL), indicates a downward vertical flow potential from this surficial aquifer to both underlying St. Peter and Mount Simon bedrock aquifers The disparity in the calculated hydraulic head measurements (together with the significant differences in formation fluid salinity) also suggests that groundwater within the St. Peter and Mount Simon bedrock aquifers is physically isolated from one another. This is an indication that there are no significant conduits (open well bores or fracturing) between these two formations and that the Eau Claire forms an effective confining layer. 


Note: Permit applicants did not provide the regional groundwater flow map that shows groundwater flow direction. However, they indicated that the modeling results of Gupta and Blair (1997) in the Mount Simon formation that does not include the Morgan County area showed that for deep bedrock aquifers, the lateral flow patterns are away from regional basin highs arches.


Table 4
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4.2 	Temperature





The best fluid temperature depth profile was performed on February 9, 2012 as part of the static borehole flow meter/fluid temperature survey that was conducted prior to the constant-rate injection flow meter surveys. Two confirmatory discrete probe depth measurements that were taken prior to the active injection phase (using colder brine) corroborate the survey results. The discrete static measurement for the depth of 3,712 ft was 95.9°F. The second discrete static probe temperature measurement is from the MDT probe for the successful sampling interval of 4,048 ft. A linear-regression temperature/depth relationship was developed for use by modeling. The regression data set analyzed was for temperature data over the depth interval of 1,300 to 4,547 ft. Based on this regression a projected temperature for the reference datum at the top of the Mount Simon (3,918 ft bkb) of 96.60°F is indicated. A slope (gradient) of 6.7210-3 °F/ft and intercept of 70.27°F is also calculated from the regression analysis.


4.3 	Brine density


Although this parameter is determined by the simulator using pressure, temperature, and salinity, based on the upper and lower Mount Simon reservoirs tests, the calculated in situ reservoir fluid density is 1.0315 g/cm3.


4.4 	Salinity and Water quality


During the process of drilling the well, fluid samples were obtained from discrete-depth intervals in the St. Peter Formation and the Mount Simon Formation using wireline-deployed sampling tools (MDTs) on December 14, 2011. After the well had been drilled, additional fluid samples were obtained from the open borehole section of the Mount Simon Formation by extensive pumping using a submersible pump. The assigned salinity value for the Mount Simon (upper zone) 47,500 ppm is as indicated by both the MDT sample (depth 4,048 ft) and the multiple samples collected during extensive composite pumping of the open borehole section.


A total of 20 groundwater samples were collected between October 25 and November 10, 2011, including duplicate samples and blanks (Dey et al. in press). General water-quality parameters were measured along with organic and major inorganic constituents. Values of pH ranged from 7.08 to 7.66. Values for specific conductance ranged from 545 to 1,164 μS/cm, with an average of 773 μS/cm. Values of Eh ranged from 105 to 532 mV with an average of 411 mV. Values of dissolved oxygen (DO) ranged from below detection limit to 3.3 mg/L O2. Most dissolved inorganic constituent concentrations are within primary and secondary drinking water standards. However, the constituent concentration in water is elevated with respect to iron (Fe), manganese (Mn), nitrate (NO3), and TDS. In some cases these constituents exceed the EPA secondary standards.


4.5 	Fracture pressure in the injection zone


No hydraulic fracturing test has been conducted in the stratigraphic well and no site-specific fracture pressure values are available for the confining zone and the reservoir. Other approaches (listed below) have thus been chosen to determine an appropriate value for the fracture pressure.


- The geomechanical uncalibrated anisotropic elastic properties log from Schlumberger performed in the stratigraphic well could give information about the minimum horizontal stress. However, several assumptions are made and a calibration with available mini-fracs or leak-off tests is usually required to get accurate values of these elastic parameters for the studied site. These data will not be considered here.


- Triaxial tests were also conducted on eight samples from the stratigraphic well. Samples 3 to 7 are located within the injection zone. Fracture gradients were estimated to range from 0.647 to 0.682 psi/ft, which cannot directly be compared to the fracture pressure gradient required for the permit. Triaxial tests alone cannot provide accurate measurement of fracture pressure.


- Existing regional values. Similar carbon storage projects elsewhere in Illinois (in Macon and Christian counties) provide data for fracture pressure in a comparable geological context. In Macon County (CCS#1 well at Decatur), about 65 mi east of the FutureGen 2.0 proposed site, a fracture pressure gradient of 0.715 psi/ft was obtained at the base of the Mount Simon Sandstone Formation using a step-rate injection test (EPA 2011b). In Christian County, a “conservative” pressure gradient of 0.65 psi/ft was used for the same injecting zone (EPA 2011c). No site-specific data were available.


- Last, the regulation relating to the “Determination of Maximum Injection Pressure for Class I Wells” in EPA Region 5 is based on the fracture closure pressure, which has been chosen to be 0.57 psi/ft for the Mount Simon Sandstone (EPA 1994).


Based on all of these considerations, a fracture pressure gradient of 0.65 psi/ft was chosen. The EPA GS Rule requires that “Except during stimulation, the owner or operator must ensure that injection pressure does not exceed 90 percent of the fracture pressure of the injection zone(s) so as to ensure that the injection does not initiate new fractures or propagate existing fractures in the injection zone(s)…” Therefore, a value of .585 psi/ft (90% of 0.65 psi/ft) was used in the model to calculate the maximum injection pressure


4.6 	Site Evaluation of mineral resources


Other subsurface geochemical considerations include the potential for mineral or hydrocarbon resources beneath the proposed CO2 storage site. While no significant mineral deposits are known to exist within Morgan County, natural gas has been recovered in the region, including at the Prentice and Jacksonville fields located within several miles of the stratigraphic well. ISGS oil and gas website data indicate that the Prentice Field contained more than 25 wells drilled during the 1950s; re exploration occurred in the 1980s. Both oil and gas have been produced from small stratigraphic traps in the shallow Pennsylvanian targets, at depths of 250 to 350 ft (75 to 105 m) bgs. It is important to note that gas produced from these wells may contain around 16 percent CO2 (Meents 1981). More than 75 wells have been drilled in the Jacksonville Field. Gas was discovered in the Jacksonville Field as early as 1890 (Bell 1927), but most oil and gas production from the Prentice and Jacksonville fields occurred between the late 1920s and late 1980s. The most productive formations in the Illinois Basin (lower Pennsylvanian and Mississippian siliciclastics and Silurian reefs) are not present in Morgan County. Only two boreholes in the vicinity of the Prentice Field and five boreholes near the Jacksonville Field penetrate through the New Albany Shale into Devonian and Silurian limestones. Cumulative production from the Prentice and Jacksonville fields is not available, and both fields are largely abandoned. The Waverly Storage Field natural-gas storage site in the southeast corner of Morgan County originally produced oil from Silurian carbonates. This field no longer actively produces oil, but since 1954 it has been successfully used for natural-gas storage in the St. Peter and the Galesville/Ironton Sandstone formations (Buschbach and Bond 1974).


The nearest active coal mine is approximately 10 mi (16 km) away in Menard County and does not penetrate more than 200 ft (61 m) bgs (ISGS 2012a). A review of the known coal geology within a 5-mi (8-km) radius of the proposed drilling site indicates that the Pennsylvanian coals, the Herrin, Springfield, and Colchester coals, are very thin or are absent from the project area (ISGS 2010, 2011; Hatch and Affolter 2008). During continuous coring of a shallow groundwater monitoring well, immediately adjacent to the stratigraphic well, only a single thin (5-ft [1.5-m]) coal seam was encountered at about 200 ft (61 m) deep.


5. Initial Conditions


The reservoir is assumed to be under hydrostatic conditions with no regional or local flow conditions. Therefore the hydrologic flow system is assumed to be at steady state until the start of injection. To achieve this with the STOMP-CO2 simulator one can either run an initial simulation (executed for a very long time period until steady-state conditions are achieved) to generate the initial distribution of pressure, temperature, and salinity conditions in the model from an initial guess, or one can specify the initial conditions at a reference depth using the hydrostatic option, allowing the simulator to calculate and assign the initial conditions to all the model nodes. Site-specific data were available for pressure, temperature, and salinity, and therefore the hydrostatic option was used to assign initial conditions. A temperature gradient was specified based on the geothermal gradient, but the initial salinity was considered to be constant for the entire domain. A summary of the initial conditions is presented in Table 5 (Table 3.10).











Table 5
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6. Boundary Conditions


Boundary conditions were established with the assumption that the reservoir is continuous throughout the region and that the underlying Precambrian unit is impermeable. Therefore, the bottom boundary was set as a no-flow boundary for aqueous fluids and for the CO2-rich phase. The lateral and top boundary conditions were set to hydrostatic pressure using the initial condition with the assumption that each of these boundaries is distant enough from the injection zone to have minimal to no effect on the CO2 plume migration and pressure distribution.


7. Wells Within the Survey Area


A survey area of 25 mi2 (65 km2) that is centered on the proposed injection location and encompasses the area of the expected CO2 plume (the AoR) is shown in Figure 12 (Figure 2.32). Surface bodies of water and other pertinent surface features (including structures intended for human occupancy), administrative boundaries, and roads are shown. There are no subsurface cleanup sites, mines, quarries, or Tribal lands within this area. Although numerous wells are located within a 25 mi2 (65 km2) survey area that includes the proposed injection location (Figure 1), none but the Alliance’s stratigraphic well penetrates the injection zone (Mount Simon Sandstone and the lower Eau Claire [Elmhurst Sandstone Member]), the confining zone (Lombard and Proviso members of the Eau Claire Formation), or the secondary confining zone (Franconia Dolomite). A total of 129 wells (including stratigraphic well) are within the survey area (see Appendix B); 51 wells are (or are potentially) within the AoR (Table 6 – (Table 2.17)). Indeed, 24 of these 51 water wells are only identified with a general location (center of a section) in the ISWS database. If the section of those wells intersected the AoR borders, the wells were assumed to be within the AoR even though they could be beyond the border. Those well are indicated with a “potentially” label in the last column of the Table 6 but are not shown on the map. Shallow domestic water wells with depths of less than 50 ft (15 m) are the most common well type. Five slightly deeper water wells were identified that range in depths from 110 ft (33 m) to 405 ft (123 m). Other wells include stratigraphic test holes, coal test holes, and oil and gas wells (Figure 12). Table 6 lists these wells with their unique API (American Petroleum Institute) identification number, ISWS well identification (ID), well location, depth, elevation, completion date, well owner, well type, and identified status. The map in Figure 12 shows the locations of four proposed injection wells for which permits are being sought. It also shows the location of the Alliance’s stratigraphic well and abandoned hydrocarbon test holes, coal test holes, oil and gas wells, other plugged and abandoned wells, known water wells, and other surface features within a 25 mi2 (65 km2) area centered on the location of the proposed injection wells. 


Table 6
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Figure 12








8. Proposed Operating Data (Operational Information)


Figure 13 (Figure 3.18) shows the well design for the representative case for the refined area of the model domain in plan view and in 3D view. Injection into four lateral wells with a well-bore radius of 4.5 in. was modeled with the lateral leg of each well being located within the best layer of the injection zone to maximize injectivity. Only the non-cased open sections of the wells are specified in the model input file because only those sections are delivering CO2 to the formation. The well design modeled in this case is the open borehole design, therefore part of the curved portion of each well is open and thereby represented in the model in addition to the lateral legs. The orientation and lateral length of the wells, as well as CO2 mass injection rates, were chosen so that the resulting modeled CO2 plume would avoid sensitive areas. The coordinates of the screened portion of the injection wells and the CO2 mass injection rate was distributed among the four injection wells as shown in Table 7 and Table 8 (Table 3.11) for a total injection rate of 1.1 MMT/yr for 20 years. The injection rate was assigned to each well according to the values in Table 8. A maximum injection pressure of 2,252.3 psi was assigned at the top of the open interval (depth of 3,850 ft bgs), based on 90 percent of the fracture gradient described in Section 3.5 (0.65 psi/ft). 
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Figure 13


Table 7. The coordinates of the screened portion of the injection wells


			


			Coordinate 1(ft)


			Coordinate 2(ft)


			Coordinate 3(ft)


			Coordinate 4(ft)





			


			x


			y


			z


			x


			y


			z


			x


			y


			z


			x


			y


			z





			Well1


			777079


			14468885


			-3200


			777263


			14468901


			-3330


			777592


			14468929


			-3392


			779086


			14469060


			-3399





			Well2


			776898


			14468571


			-3200


			776976


			14468404


			-3330


			777116


			14468105


			-3395


			778172


			14465839


			-3463





			Well3


			776617


			14468578


			-3200


			776530


			14468416


			-3330


			776375


			14468124


			-3389


			775202


			14465917


			-3387





			Well4


			776451


			14468829


			-3200


			776267


			14468813


			-3330


			775938


			14468785


			-3386


			774444


			14468654


			-3379


























Table 8
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9. Computational Modeling Results


At the end of the simulation period, 100 years, most of the CO2 mass occurs in the CO2-rich (or separate-) phase, with 20 percent occurring in the dissolved phase. Note that residual trapping begins to take place once injection ceases, resulting in about 15 percent of the total CO2 mass being immobile at the end of 100 years. The CO2 plume forms a cloverleaf pattern as a result of the four lateral injection-well design. The plume grows both laterally and vertically as injection continues. Most of the CO2 resides in the Mount Simon Sandstone. A small amount of CO2 enters into the Elmhurst and the lower part of the primary confining zone (Lombard). When injection ceases at 20 years, the lateral growth becomes negligible but the plume continues to move slowly primarily upward. Once CO2 reaches the low-permeability zone in the upper Mount Simon it begins to move laterally. There is no additional CO2 entering the confining zone from the injection zone after injection ceases.


9.1 	Pressure front AOR delineation


Note: AOR delineation using the pressure front method is missing


9.2 	Separate-phase plume AOR delineation


Using the CO2-rich phase saturation as a defining parameter for the CO2 plume extent is subject to overprediction due to numerical model choices such as grid spacing. Therefore, to accurately delineate the plume size, a methodology that used the vertically integrated mass per unit area (VIMPA) of CO2 was developed. This ensures that the plume extent is defined based on the distribution of the mass of CO2 in the injection zone. The VIMPA is calculated as follows:








where M = the total CO2 mass in a cell, A = the horizontal cross-sectional area of a cell,


i and j = cell indices in the horizontal directions, and k = the index in the vertical direction.


For the purposes of AoR determination, the extent of the plume is defined as the contour line of VIMPA, within which 99.0 percent of the CO2-rich phase (separate-phase) mass is contained. The acreage (areal extent in acres) of the plume is calculated by integrating all cells within the plume extent. Therefore, the CO2 plume referred to in this document is defined as the area containing 99.0 percent of the separate phase CO2 mass. After 20 years of injection and 2 years of shut-in, the areal extent of the separate-phase CO2 plume no longer increases significantly. Therefore, the AoR, shown in Figure 14 (Figure 3.25), is delineated based on the predicted areal extent of the separate-phase CO2 plume at 22 years.
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Figure 14


Corrective Action Plan and Schedule


	





 Area of Review Reevaluation Plan and Schedule


Proposed Reevaluation Cycle


The Alliance will reevaluate the AoR, at a minimum, every 5 years after issuance of a UIC Class VI permit and initiation of injection operations, as required by 40 CFR 146.84(b)(2)(i). 


Although the Alliance will reevaluate the AoR every 5 years, some conditions would warrant reevaluation prior to the next scheduled reevaluation. These conditions include 


1) A significant change in operations such as a prolonged increase or decrease in the CO2 injection rates at the injections wells


2) A significant difference between simulated and observed pressure and CO2 arrival response at site monitoring wells 


3) Newly collected characterization data that have a significant effect on the site computational model. 


Reevaluation Strategy


If any of these conditions occurs, the Alliance will reevaluate the AoR as described below. Ongoing direct and indirect monitoring data, which provide relevant information for understanding the development and evolution of the CO2 plume, will be used to support reevaluation of the AoR. These data include 1) the chemical and physical characteristics of the CO2 injection stream based on sampling and analysis; 2) continuous monitoring of injection mass flow rate, pressure, temperature, and fluid volume; 3) measurements of pressure response at all site monitoring wells; and 4) CO2 arrival and transport response at all site monitoring wells based on direct aqueous measurements and selected indirect monitoring method(s). The Alliance will compare these observational data with predicted responses from the computational model and if significant discrepancies between the observed and predicted responses exist, the monitoring data will be used to recalibrate the model (Figure 15 –Figure 3.26). In cases where the observed monitoring data agree with model predictions, an AoR reevaluation will consist of a demonstration that monitoring data are consistent with modeled predictions. As additional characterization data are collected, the site conceptual model will be revised and the modeling steps described above will be repeated to incorporate new knowledge about the site.


Note: Provide additional information on quantative threshold that would trigger a revision of the AOR model (e.g. statistical differences between monitoring and modeling predictions, change in operations)


Provide a time Frame for reevaluation (e.g. within one month of detection)


Provide the seismic event or other emergency criteria as a reason for reevaluation


The Alliance will submit a report notifying the UIC Program Director of the results of this reevaluation. At that time, the Alliance will either 1) submit the monitoring data and modeling results to demonstrate that no adjustment to the AoR is required, or 2) modify its Corrective Action, Emergency and Remedial Response and other plans to account for the revised AoR. All modeling inputs and data used to support AoR reevaluations will be retained by the Alliance for 10 years.


To the extent that the reevaluated AoR is different from the one identified in this supporting documentation, the Alliance will identify all active and abandoned wells and underground mines that penetrate the confining zone (the Eau Claire Formation) in the reevaluated AoR and will perform corrective actions on those wells. As needed, the Alliance will revise all other plans, such as the Emergency and Remedial Response Plan, to take into account the reevaluated AoR and will submit those plans to the UIC Program Director for review and approval. 
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Figure 15
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Simmons, Lillateese; Deardorff, Jason
Bcc: Krueger, Thomas; McAuliffe, Mary; Smith, Robert H; Shari.Ring@cadmusgroup.com
Subject: draft ERR plan

Date: Friday, February 21, 2014 1:15:00 PM

Attachments: FutureGen 2 0 ERR Draft ERR Template 2-14-14 mrb+ssr jrm.docx

Tyler,

Attached is the draft Emergency and Remedial Response plan. There are a few items that you
should consider addressing before it is finalized. Let me know when you can what your target is for
returning it to us.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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Attachment F: Emergency and Remedial Response Plan





Facility Name: 	FutureGen 2.0 Morgan County CO2 Storage Site 


Class VI UIC Wells 1, 2, 3, and 4





Facility Contacts: 	Kenneth Humphries, Chief Executive Officer, 


FutureGen Industrial Alliance, Inc., Morgan County Office, 


73 Central Park Plaza East, Jacksonville, IL 62650, 217-243-8215 	Comment by Shari: This information is from the PISC plan 





Location of Injection Wells: 	Morgan County, IL; 26−16N−9W; 39.800266ºN and 90.07469ºW





This Emergency and Remedial Response Plan (ERRP) describes actions the permittee (the FutureGen Alliance) will take at the FutureGen 2.0 Morgan County CO2 storage site in the unlikely event of an emergency that could endanger any USDW within the project AoR during construction, operation or post-injection site care. Such events may include unplanned CO2 release or detection of unexpected movement of CO2 or associated fluids in or from the injection zone. This plan demonstrates how the FutureGen Alliance will comply with 40 CFR 146.94. 





If information from the FutureGen 2.0 monitoring network (described in the Testing and Monitoring Plan) indicates that injected CO2 and/or associated fluid migration or pressures have occurred which could endanger a USDW, the FutureGen Alliance will take the following actions: 	Comment by Shari: This could be deleted – its very general.





1. Cease injection according to the procedures in the Class VI permit and close down the injection wells. 	Comment by molly: Issue for consideration 


2. Perform appropriate steps to identify and characterize the source and cause of the adverse incident that has the potential to endanger a USDW or release CO2. 


3. Notify the EPA UIC Program Director of the adverse incident within 24 hours. 


4. Implement necessary remedial actions. 








Part 1: Resources or Infrastructure Potentially Affected 





Four USDW aquifer zones are located in the AoR, ranging from the deep St. Peter Sandstone (approximately 2,000 ft above the top of the injection zone) to the surficial aquifer system approximately 3,700 ft above the injection zone. The surficial aquifer system is a significant groundwater resource within the AoR. Response actions to CO2 or saline migration into a USDW would vary according to the aquifer. It should be noted that the leak would be detected and response actions would be conducted in the lowermost USDW—St. Peter Sandstone—far in advance before shallower USDWs would be affected unless a leak were to occur along an injection well or deep monitoring well. The AoR for this project is shown in Figure 1.0. 





The land is used primarily for agriculture. Residences and farm-related buildings are scattered across the land surface, particularly along roads. Surface-water features such as creeks, streams, and impoundments formed by small earthen dams are also present in the area. Limited stretches of woodland parallel stretches of the streams. Most of the land surface is farmland. Shallow (<100ft bgs) groundwater-supply wells are associated with residences.
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Figure 1.0. Map of Residences, Water Wells, and Surface Water Features within the Delineated AoR and Survey Area.





Part 2: Identification of Adverse Incidents 





The possible adverse incident scenarios identified in Table 1 consist of both slow and sudden releases of CO2 or brine. Such releases will result in the implementation of emergency or remedial actions as described in Part 3. It should be noted that the worst-case consequences of various scenarios are developed to ensure that response plans are in place for all eventualities. 





Table 1 lists the types of potential adverse incidents that will trigger response actions to protect USDWs if the incidents occur during the construction, injection, and post-injection site-care periods. The activities that the FutureGen Alliance will undertake in response to these incidents are described in Part 3. 





			Table 1. Potential Adverse Incidents





			Construction Period





			· Over-pressurized natural gas (blow out)





			· Movement of brine between formations during drilling





			Injection Period





			· Loss of mechanical integrity (injection or monitoring wells)





			· Rapid and/or unexpected movement of CO2 outside defined AoR





			· Migration of CO2 from injection zone through faults and fractures





			· Migration of CO2 from injection zone through undocumented wells





			· Migration of CO2 from injection zone through failure of the confining zone (loss of containment)





			· Monitoring equipment failure or malfunction





			· Movement of brine from injection zone to overlying USDW





			· Natural disaster (such as severe weather)





			· Seismic event





			· Evidence of CO2 or elevated CO2 at land surface





			Post-Injection Site Care Period





			· Loss of mechanical integrity (monitoring wells)





			· Migration of CO2 from injection zone through faults and fractures





			· Migration of CO2 from injection zone through undocumented wells





			· Migration of CO2 from injection zone through failure of the confining zone (loss of containment)





			· Monitoring equipment failure or malfunction





			· Movement of brine from injection zone to overlying USDW





			· Seismic event





			· Natural disaster (such as severe weather)





			· Evidence of CO2 or elevated CO2 at land surface








Remedial response actions implemented at the FutureGen 2.0 site will be proportional to the severity of the condition triggering the emergency actions. The severity of the emergency condition are categorized as major, serious, or minor as defined in Table 2. 


			Table 2. Definition of the Severity of Adverse Incident





			Consequence Degree of Severity


			Definition





			HIGH (Major Emergency)


			Known release or indication of a potential incident which poses an immediate (acute) risk to human health, resources, or infrastructure. Response actions involving local authorities (evacuation, isolation of areas, or restrictions on water usage) should be initiated. Examples: include well blowout during injection.





			MEDIUM (Serious Emergency)


			Incidents/releases posing potential (chronic) risk to human health, resources, or infrastructure if conditions worsen or no (mitigative/remedial) response actions are taken. Examples: include well seal failures, detection of increased pressure or indicators of CO2 in zones above caprock.





			LOW (Minor Emergency)


			Incident poses a challenge to confinement barrier but does not result in the immediate release of CO2 or brine posing a risk to human health, resources or infrastructure. Examples: higher than anticipated pressure in monitoring wells














Part 3: Emergency and Remedial Response Actions to Protect USDWs 





If an adverse incident occurs, the FutureGen Alliance will deploy a variety of emergency or remedial responses depending on the circumstances (e.g., the location, type, and volume of a release) to protect USDWs. Any unanticipated incident or condition observed to pose a threat to groundwater, infrastructure, or people will be treated as an adverse incident (“emergency”). Response actions will depend upon the severity of the adverse incident, as defined in Table 2. This part of the ERRP summarize the types of adverse incidents that could occur and the likely sequence of responses that would be undertaken to protect USDWs during construction, injection, and post-construction site care. Emergency and remedial responses will be considered in a sequence of progressively more extensive actions corresponding to the degree of severity. The list for each adverse incident is ordered accordingly.





This arrangement of responses is conceptual; the severity of an adverse incident will determine the actual response(s) deployed and will be executed following notification of, and in consultation with, the UIC Program Director. If any adverse incident has the potential to endanger a USDW, the FutureGen Alliance will notify the EPA Director within 24 hours. After the implementation of actions taken to address the emergency, the FutureGen Alliance will demonstrate the efficacy of the remedial response actions to the satisfaction of the Director before resuming injection operations. Injection operations will resume when authorized by the EPA Director after having established that all requirements have been met. 	Comment by Shari: The permit says that anything that invokes the ERRP must be reported in 24 hours. Edited this text to convey a need to notify quickly and discuss the event.









ADVERSE INCIDENTS POTENTIALLY AFFECTING USDWS: CONSTRUCTION PERIOD 	Comment by Shari: The 3 tables have been reformatted to make them easier to read.  Reformatting and punctuation changes are not tracked, but line edits are. 





Event/Description: Over-pressurized fluid (blowout): As a well is drilled a pocket of high pressure gas or fluid is encountered resulting in a sudden release 


Severity: High


Time of Event: Drilling


Avoidance Measures: Care in drilling; use and maintain blow out preventer at wellhead; control drilling fluid density.


Detection Methods: Well pressure, annulus pressure monitoring. Drilling fluid (mud) return flow and density, pressure.


Potential Response Actions: Specific response will depend on the type of well (injection or monitoring). In general, the following will be undertaken: 


· Notify the UIC Program Director within 24 hours of the incident.   


· Stop drilling. 


· Verify proper and complete operation of blowout preventer hardware. 


· Inject heavy fluid to regain hydrostatic control. 


· Close flow valve (wellhead). 


· Check the drilling and mud logs in an attempt to identify cause. 


· See Part 3.1 for details on further response.





Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Existing or newly mobilized drill rig, logging equipment, cement or casing as required.





Event/Description: Movement of brine between formations: As a well is drilled, multiple concentric strings of casing are installed and cemented. If the cement seal with the outer annulus or inner annuli failed, there will be a pathway for cross contamination of formations, including USDWs. 


Severity: Medium


Time of Event: Construction/ drilling


Avoidance Measures: Care in well construction particularly with respect to cement placement.


Detection Methods: Monitoring of drilling column pressure, well pressure, annulus pressure, drilling fluid (mud) return flow, and density pressure.


Potential Response Actions: Specific response will be dependent on the type of well (injection or monitoring). In general, the following will be undertaken: 


· Stop drilling. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).   


· Seal off leaking formation by setting packer. 


· Check the monitoring record in an attempt to identify cause. 


· Run well logging tools to locate source of cross contamination. 


· Identify and implement corrective actions, such as 


· Grout injection to seal off zone, re-drill.


Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Existing or newly mobilized drill rig, logging equipment, cement or casing as required.









ADVERSE INCIDENTS POTENTIALLY AFFECTING USDWS: INJECTION PERIOD 





Event/Description: Loss of mechanical integrity (injection wells): If the cement seal with the outer annulus or inner annuli failed, there will be a pathway for cross contamination of formations, including USDWs. During injection, CO2 could travel through geologic formations above the injection and confining zones into a USDW. 


Severity: Medium





Time of Event: Operations/ injection


Avoidance Measures: Care in well construction particularly with respect to cement placement.


Detection Methods: Well pressure, annulus pressure, gas flow rate monitoring; well annulus pressure maintenance and monitoring system; continuous monitoring of injection mass flow rate, pressure, temperature, annular pressure, and fluid volume; oxygen-activation tracer logging; temperature logging; pressure fall-off testing. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


Specific response will depend on the type of well (injection or monitoring). In general, the following will be undertaken: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).   


· Close flow valve (wellhead). 


· Check the monitoring record in an attempt to identify cause. 


For Major or Serious Emergency 


· Monitor well pressure, temperature, annulus pressure. 


· Log hole; check casing and borehole condition.


· Determine cause and extent of failure. 


· Grout or install chemical sealant barrier in an adjoining well to block leak. 


· Abandon well by completely closing it (seal with cement). 


· Drill new well if necessary. 


· Identify and implement appropriate remedial actions to repair damage to the well (in consultation with the UIC Program Director).


· If contamination is detected, conduct groundwater remediation as required (in consultation with the UIC Program Director). 


For Minor Emergency 


· Reset automatic shutdown devices. 


· Monitor well pressure, temperature, annulus pressure. 


· Verify integrity loss and determine cause and extent of failure. 


· Identify and implement corrective actions. 


· See Part 3.1 for details on further response. 





Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Existing or newly mobilized drill rig, logging equipment, cement or casing as required.





Event/Description: Migration of CO2 from injection zone through faults and fractures: This could occur as a result of existing unknown faults or fractures or new, seismically induced faults or fractures. 


Severity: Medium





Time of Event: Operations/ injection


Avoidance Measures: Extensive geophysical characterization has not identified faults or fractures.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well.  See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours, per 40 CFR 146.91(c)(3)


· Assess cause by reviewing monitoring data. 


· Conduct geophysical survey in an attempt to locate leaks. 


· If warranted, resume injection, but reduce injection pressure by reducing flow rate or inject through additional injection wells. 


· Intensify monitoring to determine whether migration continues with continued injection. 


· Lower reservoir pressure by removing liquids (water, brine, etc.) from the storage reservoir. 


· Intersect the migration with extraction wells in the vicinity of the leak, withdraw and re-inject. 


· Lower the reservoir pressure by promoting new pathways to access new volumes or strata in the storage reservoir. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Inject grout or chemical sealant to block the leak.


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· See Part 3.2 for details on further response. 





Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Migration of CO2 from injection zone through undocumented wells: 


Severity: Medium to high depending upon location


Time of Event: Operations/ injection


Avoidance Measures: Drilling records and site walkthroughs were conducted. Only three wells were identified and none penetrate the confining zone.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess the cause by reviewing monitoring data. 


· Conduct a geophysical survey in an attempt to locate migration. 


· Repair leaking wells by re-plugging with cement. 


· Plug and abandon wells that cannot be repaired. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Install chemical sealant or grout barriers to block leaks. 


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· See Part 3.2 for details on further response.


Response Personnel: Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Newly mobilized drill rig, logging equipment, cement or casing as required.








Event/Description: Migration of CO2 from injection zone through failure of the confining zone (loss of containment): 


Severity: Medium


Time of Event: Operations/ injection


Avoidance Measures: Careful monitoring and control of injection flow and pressure with periodic monitoring well sampling.


Detection Methods: Early leak-detection monitoring in ACZ well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Verify integrity of well bore. 


· Proceed to response for migration of CO2 through well bore, through faults or fractures, or through undocumented abandoned wells according to location of migration and conduct groundwater remediation as required. 


· See Part 3.2 for details on further response. 





Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Monitoring well equipment malfunction: Failure or malfunction of well instrumentation that monitors wellhead pressure, temperature, or annulus pressure could result in false readings. In this event, the reservoir could become over-pressurized, possibly resulting in hydraulic fractures in the confining zone. 


Severity: Low. Possibly Medium if fail to stop injection and subsequent overpressure


Time of Event: Operations/ injection


Avoidance Measures: Preventive maintenance of equipment.


Detection Methods: Pressure fall-off testing; monitoring of well pressure, temperature, specific conductivity.  See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Repair monitoring instrumentation 


· If repairs cannot be made within hours, then: 


· Stop injection according to the procedures in the permit. 


· Repair or replace instrumentation. 


· Review monitoring records. 


· Perform reservoir injection tests to determine whether and where fracturing has occurred. 


· Completely close the well (seal with cement). 


· Drill new well if necessary. 


· Conduct groundwater remediation as required (in consultation with the UIC Program Director).


· See Part 3.6 for details on further response.


Response Personnel:  Drilling crew, supervising professionals, geotechnical and instrument subcontractors.


Equipment: Newly mobilized drill rig and/or instrument repair truck.





Event/Description: Movement of brine from injection zone: This could occur as a result of existing unknown faults or fractures, seismically induced faults or fractures, or failure of the confining zone (loss of containment). 


Severity: Medium


Time of Event: Operations/ injection


Avoidance Measures: Careful monitoring and control of injection flow and pressure with periodic monitoring well sampling.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess cause by reviewing monitoring data. 


· Proceed to response for migration of CO2 from injection zone through faults or fractures according to location of migration and conduct groundwater remediation as required. 


· See Part 3.3 for details on further response. 





Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Seismic event: If a seismic event were to occur, induced faults or fractures or well leakage could occur. 


Severity: Low to Medium depending upon quake magnitude and location


Time of Event:  Operations/ injection


Avoidance Measures: The site is located in a seismically stable region.


Detection Methods: Passive seismic monitoring (microseismicity). See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection to stabilize reservoir system according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Evaluate integrity of storage volume by gas pressure response and monitoring instrumentation. 


· If a leak is detected, conduct a geophysical survey to locate new fracture zone. 


· If warranted, resume injection but reduce injection pressure by reducing flow rate or inject through additional injection wells. 


· Intensify monitoring to determine whether migration is continuing with continued injection. 


· Lower reservoir pressure by removing liquids (water, brine, etc.) from the storage reservoir. 


· Intersect the migration with extraction wells in the vicinity of the leak, withdraw, and re-inject. 


· Lower the reservoir pressure by promoting new pathways to access new volumes or strata in the storage reservoir. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Inject grout or chemical sealant to block leak. 


· Extract CO2 from reservoir, and re-inject in more suitable location. 


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· Investigate the cause of the seismic event. 


· If the event was induced as a result of injection activities, determine whether any operational changes are needed to reduce the likelihood or magnitude of future events.


· Communicate the investigation and findings to the public (see Part 5).


· See Part 3.4 for details on further response. 





Response Personnel:  Onsite operations staff, drilling crew, supervising professionals, geotechnical contractors, mechanical contractors, as required.


Equipment: Newly mobilized drill rig, logging equipment, cement or casing, as required








Event/Description: Groundwater/USDW contamination: If there were a failure of the confining zone or injection or monitoring well, CO2 or brine could reach groundwater, requiring remediation. 


Severity: Medium to High depending upon location


Time of Event: Operations/ injection


Avoidance Measures: The entire CO2 injection project is focused on preventing escape of CO2 while sequestering the CO2. The FutureGen oxy-combustion process incorporates gas-cleaning processes to remove at least 97% of contaminants, including mercury, prior to injection. Trace contaminants that might be entrained in CO2 leaking into USDWs will pose inconsequential risk to the water quality. 


Detection Methods: USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Stop injection according to the procedures in the permit. 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess cause by reviewing monitoring data. 


· Conduct a geophysical survey in an attempt to locate migration. 


· Identify and implement appropriate remedial actions (in consultation with the UIC Program Director). If the leak cannot be located or while pursuing corrective measures for the leak, the following remedies may be considered: 


· Drill wells to intersect accumulations in groundwater, preferably near CO2 aquifer entrance zones. 


· Extract groundwater contaminated with gaseous or dissolved CO2 water and treat ex situ. 


· Dissolve mineralized CO2 (carbonates) in water and extract as a dissolved phase through an extraction well for ex situ air stripping. 


· Extract groundwater with metals mobilized by CO2 and treat ex situ to remove metals and residual CO2. 


· Use hydraulic barriers to immobilize and contain contaminants by deploying injection and extraction wells. 


· Deploy in situ chemical or biological treatment technologies to enhance biochemical degradation or stabilization of CO2 -related contaminants. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of a leak. 


· Place grouts or chemical sealant barriers to block leaks. 


· Discontinue injection. 


· Provide individual water-treatment systems for each water-supply well user. The configuration for each ex situ treatment system will be determined by water chemistry. Applicable treatment technologies include but are not limited to aeration, pH adjustment, ion exchange, oxidizing filter (manganese greensand), membrane filtration, etc.). 


· See specific events for details on further response actions.


Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors, environmental or water-treatment contractors.


Equipment: Water-treatment equipment, new wellhead plumbing to and from water-treatment equipment, reagents for optional in situ treatment, newly mobilized drill rig, logging equipment, cement or casing, as required.






ADVERSE INCIDENTS POTENTIALLY AFFECTING USDWS: POST-INJECTION SITE CARE PERIOD





Event/Description: Loss of mechanical integrity (monitoring wells): Post-injection, CO2 could travel through a compromised monitoring well into a USDW. 


Severity: Medium


Time of Event: Post-injection site care


Avoidance Measures: Care in well construction particularly with respect to cement placement.


Detection Methods: Monitoring of well pressure, temperature, specific conductivity. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


In general, the following will be undertaken: 


· Notify the UIC Program Director within 24 hours, per 40 CFR 146.91(c)(3).


· Check the monitoring record in an attempt to identify cause. 


· Log hole; check casing and borehole condition. 


· Repair annulus seal or replace casing. 


· Grout or install chemical sealant barrier in an adjoining well to block leak. 


· Abandon well by completely closing it (seal with cement). 


· Drill new well if necessary. 


· Investigate whether USDW contamination occurred.


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· See Part 3.2 for details on further response. 





Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Existing or newly mobilized drill rig, logging equipment, cement or casing as required.





Event/Description: Migration of CO2 from injection zone through faults and fractures: This could occur as a result of existing unknown faults or fractures or new, seismically induced faults or fractures. 


Severity: Medium


Time of Event: Post-injection site care


Avoidance Measures: Extensive geophysical characterization has not identified faults or fractures.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess cause by reviewing monitoring data. 


· Conduct geophysical survey in an attempt to locate leaks. 


· Intensify monitoring to determine whether migration continues. 


· Lower reservoir pressure by removing liquids (water, brine, etc.) from the storage reservoir. 


· Intersect the migration with extraction wells in the vicinity of the leak, withdraw and re-inject. 


· Lower the reservoir pressure by promoting new pathways to access new volumes or strata in the storage reservoir. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Inject grout or chemical sealant to block the leak. 


· Extract CO2 from the reservoir, and re-inject in a more suitable location. 


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· See Parts 3.2 and 3.3 for details on further response. 





Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Migration of CO2 from injection zone through undocumented wells: 


Severity: Medium to High depending on location.


Time of Event: Post-injection site care 


Avoidance Measures: Drilling records and site walkthroughs were conducted. Only three wells were identified and none penetrate the confining zone.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess the cause by reviewing monitoring data. 


· Conduct a geophysical survey in an attempt to locate migration. 


· Locate undocumented well(s). 


· Repair leaking wells by re-plugging with cement.


· Repair leaking undocumented functional wells with well-recompletion techniques such as replacing casing and packers or re-cementing annular spaces. 


· Plug and abandon wells that cannot be repaired. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Install chemical sealant or grout barriers to block leaks. 


· Identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· See Part 3.2 for details on further response.


Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors.


Equipment: Newly mobilized drill rig, logging equipment, cement or casing as required.








Event/Description: Migration of CO2 from injection zone through failure of the confining zone (loss of containment): 


Severity: Medium


Time of Event: Post-injection site care 


Avoidance Measures: Careful monitoring of pressure with periodic monitoring well sampling.


Detection Methods: Early leak-detection monitoring in ACZ well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Verify integrity of well bore. 


· Proceed to response for migration of CO2 through well bore, through faults or fractures, or through undocumented abandoned wells according to location of migration and conduct groundwater remediation as required. 


· See Part 3.2 for details on further response.


Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Movement of brine from injection zone: This could occur as a result of existing unknown faults or fractures, seismically induced faults or fractures, or failure of the confining zone (loss of containment). 


Severity: Medium


Time of Event: Post-injection site care 


Avoidance Measures: Careful monitoring of injected CO2 pressure and distribution with periodic monitoring well sampling.


Detection Methods: Early leak-detection monitoring in ACZ well; USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess cause by reviewing monitoring data. 


· Proceed to response for migration of CO2 from injection zone through faults or fractures according to location of migration and conduct groundwater remediation as required. 


· See Part 3.2 for details on further response. 





Response Personnel:  Onsite operating staff, supervising professionals, geophysical consultants.


Equipment: Newly mobilized drill rig, geophysics monitoring trucks.








Event/Description: Seismic event: If a seismic event were to occur, induced faults or fractures or well leakage could occur. 


Severity: Low to Medium depending upon quake magnitude and location


Time of Event: Post-injection site care 


Avoidance Measures: The site is located in a seismically stable region.


Detection Methods: Passive seismic monitoring (microseismicity). See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Evaluate integrity of storage volume by gas pressure response and monitoring instrumentation. 


· If a leak is detected, conduct a geophysical survey to locate new fracture zone. 


· Intensify monitoring to determine whether migration is continuing over time. 


· Lower reservoir pressure by removing liquids (water, brine, etc.) from the storage reservoir. 


· Intersect the migration with extraction wells in the vicinity of the leak, withdraw, and re-inject. 


· Lower the reservoir pressure by promoting new pathways to access new volumes or strata in the storage reservoir. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of the leak. 


· Inject grout or chemical sealant to block leak. 


· If contamination is detected, identify and implement appropriate remedial actions (in consultation with the UIC Program Director).


· Investigate the cause of the seismic event. 


· Communicate the investigation and findings to the public (see Part 5).


· See Part 3.4 for details on further response.


Response Personnel:  Onsite operations staff, drilling crew, supervising professionals, geotechnical contractors, mechanical contractors, as required. 


Equipment: Newly mobilized drill rig, logging equipment, cement or casing, as required. 








Event/Description: Groundwater/ USDW contamination: If there were a failure of the injection or monitoring well, CO2 or brine could reach groundwater, requiring remediation. 


Severity: Medium to High depending upon location 


Time of Event: Post-injection site care 


Avoidance Measures: The entire CO2 injection project is focused on preventing escape of CO2 while sequestering the CO2. The FutureGen oxy-combustion process incorporates gas-cleaning processes to remove at least 97% of contaminants, including mercury, prior to injection. Trace contaminants that might be entrained in CO2 leaking into USDWs will pose inconsequential risk to the water quality. 


Detection Methods: USDW aquifer monitoring in USDW well. See the Testing and Monitoring Plan for specific information.


Potential Response Actions: 


· Notify the UIC Program Director within 24 hours of the incident, per 40 CFR 146.91(c)(3).


· Assess cause by reviewing monitoring data. 


· Conduct a geophysical survey in an attempt to locate migration. 


· Identify and implement appropriate remedial actions (in consultation with the UIC Program Director). If the leak cannot be located or while pursuing corrective measures for the leak, the following remedies may be considered: 


· Drill wells to intersect accumulations in groundwater, preferably near CO2 aquifer entrance zones. Extract groundwater contaminated with gaseous or dissolved CO2 water and treat ex situ. 


· Dissolve mineralized CO2 (carbonates) in water and extract as a dissolved phase through an extraction well for ex situ air stripping. 


· Extract groundwater with metals mobilized by CO2 and treat ex situ to remove metals and residual CO2. 


· Use hydraulic barriers to immobilize and contain contaminants by deploying injection and extraction wells. 


· Deploy in situ chemical or biological treatment technologies to enhance biochemical degradation or stabilization of CO2 -related contaminants. 


· Create a hydraulic barrier by increasing reservoir pressure upstream of a leak. 


· Place grouts or chemical sealant barriers to block leaks. 


· Provide individual water-treatment systems for each water-supply well user. The configuration for each ex situ treatment system will be determined by water chemistry. Applicable treatment technologies include but are not limited to aeration, pH adjustment, ion exchange, oxidizing filter (manganese greensand), membrane filtration, etc.) 


· See specific events for details on further response actions.


Response Personnel:  Drilling crew, supervising professionals, geotechnical subcontractors, environmental or water-treatment contractors. 


Equipment:  Water-treatment equipment, new wellhead plumbing to and from water-treatment equipment, reagents for optional in situ treatment, newly mobilized drill rig, logging equipment, cement or casing, as required. 
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3.1 Potential Response Actions to Loss of Injection Well Integrity 





If a well blowout occurs during drilling, the blowout preventer will activate automatically. In the unlikely event of blowout preventer failure, heavy fluid would be injected in an attempt to regain hydrostatic control of the well column. If control could not be achieved, new wells that intersect pressurized accumulations of formation fluid and CO2 could be drilled and pumped to relieve downhole pressures that are driving the release and cement could be injected to permanently close the well(s).





If a well blowout were to occur during injection operations, injection would be stopped immediately. One or more responses would then be implemented depending on the conditions encountered. The master valves would be closed. The well could be killed or permanently closed by pumping cement or heavy kill fluid down the well bore until the well stops flowing. If the flow continued, a heavier kill fluid could be pumped until the hydrostatic pressure of the fluid column in the well stopped and contained the flow. If the release were to remain uncontrolled, new wells that intersect pressurized accumulations of formation fluid and CO2 could be drilled and pumped to relieve downhole pressures that are driving the release.


 


A slow release of CO2 could occur with a lesser failure of mechanical integrity for an injection well. Responses to such situations would involve equipment repair, temporary cessation of injection operations, and modification of injection equipment or procedures. If a leak occurred outside the outermost casing of an injection well, due to fractures of a confining formation in the immediate vicinity of the well string, localized application of grout sealant would be among the remedial actions considered. Implementation of such a remedy would entail drilling a new well into the affected area and injecting grout sealant into the formation where the formation geometry and properties facilitate lateral dispersion of the sealant into the compromised zone around the exterior of the CO2 injection well.





Onsite drilling or operations personnel would correct the leakage, depending on when the leak occurs. Equipment used to correct the leak may involve a workover rig and wire-line tools, pipe, packers, bridge plug, and pressure-control equipment. In the extremely unlikely situation that a new well is required to relieve pressure, well casing, wellhead equipment, cement or mud equipment, and a secondary drill rig would be required.





3.2 Response Actions to Fluid Movement into USDWs





The immediate and primary responses to detection of injection-related fluid migration into any USDW would be similar to the remedies for a release via mechanical failure or confining formation failure: cessation of injection, notification, identification, and location of the source of the release, and implementation of corrective action to seal or stop the release. The location, size of the release, and access to the problem will control the particular course of remedial action. In the improbable event of an impact on water quality within the surficial aquifer system directly affecting water-supply wells, either point of use, withdrawal water treatment, or alternate water-supply remedies would be provided as appropriate.











3.3 Response Actions to Rapid and Unexpected Movement Beyond the AoR 





If a rapid movement of injection related fluids were detected or inferred outside the defined AoR, the following response actions would be performed: 





· Immediately notify the power plant, owner, and other designated project contacts. 


· Notify the UIC Program Director within 24 hours of the incident per 40 CFR 146.91(c)(3). 


· Project contacts will determine the severity of the event, based on the information available.





For a major or serious emergency: 


· Cease injection according to the procedures in the permit.


· Shut in well (close flow valve).


· Communicate with local authorities to initiate evacuation plans, as necessary.


· Monitor injection well conditions to verify well status.


· Determine if there has been a loss of mechanical integrity of injection or monitoring wells.


· Identify and initiate remedial actions. 





For a minor emergency: 


· Monitor injection and monitoring well conditions to verify well status.


· Determine if there has been a loss of containment in the reservoir.


· Adjust injection rate as necessary to maintain containment in reservoir.





Once the source and pathway of the release were identified, remedial actions appropriate for the situation would be implemented as described above.





3.4 Response Actions to a Seismic Event 





A tiered approach and response will be taken based on event magnitude and proximity to the storage site. 





After a seismic event has been identified, a decision must be made regarding the level of impact a given event could have on storage site operations, whether a response is required, and if yes, what the response will be. This decision and response framework should consist of an automated event location and magnitude determination, followed by an alert for a technical review in order to reduce the likelihood of false positives.





Identification of events with sufficient magnitude or that are located in a sensitive area (caprock) should be used as input for decisions that guide the adaptive strategy. Seismic events that affect the operations of CO2 injection can be divided into two groups/tiers: 1) events that create felt seismicity at the surface and may lead to public concern or structural damage, and 2) events not included in group one, but that might indicate failure or impending failure of the caprock. The operational protocol for responding to events in group one (Tier I) will follow a “traffic light” approach (modified after Zoback 2012; National Research Council 2012) that uses three operational states:


 


1. Green: Continue normal operations unless injection-related seismicity is observed with magnitudes greater than M = 2.


2. Yellow: Injection-related seismic events are observed with magnitude 2 < M< 4. The injection rate will be slowed and the relationship between rate and seismicity will be studied to guide mitigation procedures, including reduced operational flow rates.


3. Red: Magnitude 4 or greater seismic events are observed that are related to CO2 injection. Injection operations will stop and an evaluation will be performed to determine the source and cause of the ground motion. Notification of EPA program director of event within 24 hours providing status of storage site. 





Tier II operational responses to an event or collection of events that indicate possible failure of the primary confining zone may include initiation of supplemental adaptive monitoring activities, injection rate reduction in one or more injection laterals, or pressure reduction using brine extraction wells. 





3.5 Response Actions to a Natural Disaster 





If a natural disaster occurs that affects normal operation of the injection well, perform the following response actions: 


· Immediately notify the power plant, owner, and other designated project contacts.


· Notify the UIC Program Director within 24 hours of the incident per 40 CFR 146.91(c)(3). 


· Project contacts will determine the severity of the event, based on the information available,





For a major or serious emergency: 


· Cease injection according to the procedures in the permit.


· Shut in well (close flow valve).


· Communicate with local authorities to initiate evacuation plans, as necessary.


· Monitor injection well conditions to verify well status.


· Determine if there has been a loss of mechanical integrity of injection and monitoring wells.


· Identify and initiate remedial actions.





For minor emergency: 


· Monitor injection well conditions to verify well status.


· Determine if there has been a loss of mechanical integrity of a single barrier in an injection and monitoring wells.


· Initiate notification in accordance with permit conditions


· Identify and initiate remedial actions, as needed. 








3.6 Response Actions to Monitoring Equipment Failure 





If a device malfunctions and requires repair, a backup monitoring scheme will be initiated. This may include temporary use of manual measurements to compensate for non-functioning equipment or the replacement of equipment with spares. Replacement sensors and repair parts will be maintained onsite to facilitate repair.








Part 4: Emergency Contacts 





4.1 FutureGen and Local Agency Notification





If a CO2 release were detected, the Emergency Coordinator and Emergency Operations Manager on duty would be notified immediately. The Emergency Coordinator will be responsible for notifying offsite emergency agencies and resources. If the Emergency Coordinator is not available, the Emergency Operations Manager will contact outside emergency response organizations (listed in Table 3) appropriate for the situation. The EPA Region 5 UIC Program Director will also be notified within 24 hours. 





			Table 3. Outside Emergency Response





			Agency


			Location


			Phone





			Fire


			Alexander, IL


			911





			 


			 


			217-478-3341





			Ambulance


			Jacksonville, IL


			911





			 


			 


			217-245-7540





			Passavant Area Hospital


			Jacksonville, IL


			217-245-9541





			State Police


			 


			217-786-7101





			Illinois Emergency Management Agency


			Springfield, IL


			217-782-7860





			Jacksonville/Morgan County Emergency Services & Disaster Agency


			Jacksonville, IL


			217/479-4616





			Sheriff


			Jacksonville, IL


			217-245-4143







































































4.2 Injection Operations Staff	Comment by molly: Why is this included?  Was it to state who would be responsible/engaged during Emergencies?  If so, this can stay here, if not, I am not sure what we do with this information.  Could it go in: Staff and Training?  


Monitoring, control, and routine maintenance of the injection operations at the FutureGen 2.0 storage site in Morgan County will be the responsibility of the Injection Operations Staff. The staff is expected to include the minimum positions as listed in Table 4. 





			Table 4. Operations Staff Descriptions





			Position


			Function


			Qualifications





			Emergency Coordinator


			Responsible for notification of offsite support agencies in accordance with written procedures. Responsible for coordination and overseeing contact with the media.


			Trained in the Communications Plan and Emergency Notification Procedures requirements as contained in the ERRP.





			Emergency Operations Manager


			Serves as the Alliance Emergency Response Manager responsible for the overall management of the Alliance Incident Response Team. Manages facility operations and personnel during an emergency and is responsible for implementation of appropriate emergency procedures and their follow-up.


			Trained in the requirements of the ERRP and facility operations.





			Senior Geologist/Geophysicist


			Responsible for injection operation, maintenance, and monitoring. Lead incident response manager regarding injection and storage zone operation at the facility.


			Graduate degree in geology/geophysics with at least 5 years of experience in geologic reservoir dynamics and relevant monitoring interpretation.





			Geologist/Geophysicist


			Professional associate assisting in operation, maintenance, and monitoring of injection process. Conducts routine data management and interpretation. Assists in implementing response actions, particularly in regard to injection zone integrity.


			Undergraduate degree in geophysics or geology with specialization in hydrology/fluid mechanics.








 


4.3 Agency Notification


Agency emergency response services will also be provided by the ISGS, IDNR, and USGS Water Resources for Illinois. In addition to the emergency contact lists, a list of contacts for state agencies having jurisdiction within the AoR is presented in Table 5. At this time, there are no federally recognized Native American Tribes located within the AoR or the State of Illinois (http://www.ncsl.org/research/state-tribal-institute/list-of-federal-and-state-recognized-tribes.aspx). If a federally recognized Native American Tribe exists in the AoR or the State of Illinois at the time of site emergency, it will be notified of the site emergency at that time.





			Table 5. Agency Emergency Response





			Agency


			Person


			Position


			Address and Phone





			USEPA Region 5 


			Jeff McDonald


			UIC Program Contact


			Chicago, IL


(312) 353-6288





			Illinois State Geological Survey


			Randall A. Locke, II


			Environmental Geochemist and Head Geochemistry Section


			Room 387, Natural Resources Building 15 E. Peabody, University of Illinois Champaign, IL 61820                                 217-333-3866





			Illinois Department of Natural Resources


			-


			Office of Law Enforcement


			One Natural Resources Way Springfield, IL 62702                                          217-785-8407





			USGS Water Resources for Illinois


			-


			 


			1201 W. University Avenue, Suite 100 Urbana, IL 61801                                               217-328-8747

















Part 5: Emergency Communications Plan 





The FutureGen Alliance’s comprehensive ERRP will includes a communications plan and describe emergency notification procedures. Among other things, this will include the following information: 	Comment by Shari: The text added to emergency comm. Plan below may address this concern.	Comment by molly: This is the place for such a plan.  Stating that it "will include" falls short of what we would like to see here.  	Comment by molly: This is the ERRP - these things should be here if they think they need them.  


· emergency response contact(s) and role(s)


· communication methods (e.g., Internet, newspapers, public service announcements via broadcast radio or TV)


· other contacts: e.g., local water systems, CO2 source(s) and pipeline operators, potentially affected landowners, Regional Response Teams, etc.


· the location of the injection and monitoring wells (coordinates and directions to the storage site)


· a map of the area including the location of the wells, nearby population centers, and sensitive environments


· schematics and diagrams of the facility and the well, including the location of monitoring equipment and emergency shutoffs. 





Prior to the start of CO2 injection operations, the FutureGen Alliance will formally communicate with landowners living adjacent to the storage site to provide information about the nature of the operations, potential risks, and appropriate response approaches under various emergency scenarios. 	Comment by molly: Duplicative of the above language -need to reconcile.





An emergency contact list will be maintained during the life of the project. The emergency coordinator will start the call tree and make sure the appropriate personnel are contacted.
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Emergency communications with the public will be handled by the FutureGen Alliance. The emergency coordinator is a FutureGen Alliance-designated individual who will coordinate responses to the media. 





The FutureGen Alliance will communicate to the public about any event that requires an emergency response to ensure that the public understands what happened and any environmental or safety implications.  The amount of information, timing, and communications method(s) will be appropriate to the event, its severity, whether any impacts to drinking water or other environmental resources occurred, any impacts to the surrounding community, and their awareness of the event.  





The FutureGen Alliance will describe what happened, any impacts to the environment or other local resources, how the event was investigated, what responses were taken, and the status of the response. For responses that occur over the long-term (e.g., ongoing cleanups), the FutureGen Alliance will provide periodic updates on the progress of the response action(s).





If a seismic event occurs, the FutureGen Alliance will provide information about whether the event was naturally occurring or induced by the injection; whether any damage to the well or other structures in the area occurred; the investigative process; and what responses, if any, were taken by the FutureGen Alliance or others.





The FutureGen Alliance will also communicate with entities who may need to be informed about or take action in response to the event, including local water systems, CO2 source(s) and pipeline operators, land owners, and Regional Response Teams (as part of the National Response Team).





In the event that anyone else is contacted to comment on any situation deemed an “emergency,” the media contact should be directed to the FutureGen Alliance -designated individual, who will oversee all media communications with the public (through either interview, press release, Web posting, or other) in the event of an emergency situation related to the injection project. 








Part 6: Plan Review





The FutureGen Alliance will review and, as necessary, revise its ERRP at least once every 5 years. In addition, the FutureGen Alliance will review and, as necessary, revise its ERRP within 1 year of an AoR reevaluation or within 1 year after any significant changes to the facility such as the addition of injection or monitoring wells. Any revised plan will be submitted to the EPA UIC Program Director for approval. If, after a review, the FutureGen Alliance determines that no revisions are necessary, the FutureGen Alliance will submit its determination and the basis for such a determination to the EPA UIC Program Director.

















Part 7: Staff Training and Exercise Procedures 





All operations employees will receive training related to health and safety, operational procedures, and emergency response according to the roles and responsibilities of their work assignments. Initial training will be conducted by, or under the supervision of, a project operations manager or a designated representative. Trainers will be thoroughly familiar with the Operations Plan and ERRP.





Facility personnel will participate in annual training that teaches them to perform their duties in ways that prevent the discharge of CO2. The training will include familiarization with operating procedures and equipment configurations appropriate to the job assignment, as well as emergency response procedures, equipment, and instrumentation. New personnel will be instructed before beginning their work.





Refresher training will be conducted at least annually for all operations personnel. Monthly briefings will be provided to operations personnel according to their respective responsibilities and will highlight recent operating incidents, actual experience in operating equipment, and recent storage reservoir monitoring information.


 


Only personnel who have been properly trained will participate in drilling, construction, operations, and equipment repair at the storage site. A record including the person’s name, date of training, and the instructor’s signature will be maintained.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Elkins, Timothy; Bayer, MaryRose
Bcc: Krueger, Thomas; McAuliffe, Mary; Smith, Robert H
Subject: draft PISC plan

Date: Friday, February 21, 2014 4:00:00 PM

Tyler,

We met internally today to go over our comments and suggested changes. I'm afraid there is
enough to change that we anticipate getting a better draft to you sometime on Monday.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:Tyler.Gilmore@pnnl.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:elkins.timothy@epa.gov

mailto:Bayer.MaryRose@epa.gov

mailto:krueger.thomas@epa.gov

mailto:mcauliffe.mary@epa.gov

mailto:smith.roberth@epa.gov




From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Lucy Swartz; Jaime Rooke; Bayer, MaryRose; Shari.Ring@cadmusgroup.com; Greenhagen, Andrew; McAuliffe
Mary; Krueger, Thomas

Bcc: Smith, Robert H; Jann. Stephen

Subject: draft Trust Fund language

Date: Friday, February 21, 2014 4:48:00 PM

Attachments: CO2 Storage Trust Aareement (Alliance - USBank) 2-10-2014 Rev 51 ps-irm and JR cmts2.docx

Tyler,

Here is a marked up trust fund document. | left the changes/comments for you to see, but | think
we are pretty good with things otherwise. Let me know if there are any complications as a result of
our comments.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:Tyler.Gilmore@pnnl.gov

mailto:LLS@LucindaLowSwartz.com

mailto:Jaime.Rooke@cadmusgroup.com

mailto:Bayer.MaryRose@epa.gov

mailto:Shari.Ring@cadmusgroup.com

mailto:Greenhagen.Andrew@epa.gov

mailto:mcauliffe.mary@epa.gov

mailto:mcauliffe.mary@epa.gov

mailto:krueger.thomas@epa.gov

mailto:smith.roberth@epa.gov

mailto:jann.stephen@epa.gov



TRUST AGREEEMENT








Trust Agreement (Agreement), entered into as of



, 2014, by and





between the FutureGen Industrial Alliance, Inc. (Alliance), a non-profit 501(c)(3) corporation organized under the laws of the State of Delaware, the Grantor, and U.S. Bank National Association, a national banking association, the Trustee.








Whereas, the United States Environmental Protection Agency (EPA), an agency of the United States Government, has established certain regulations applicable to the Grantor requiring that an owner or operator of an injection well shall provide assurance that funds will be available when needed for corrective actions, injection well plugging, and post-injection site care and site


closure of the FutureGen 2.0 Class VI (carbon dioxide [CO2] geologic sequestration) injection wells,





Whereas, the Grantor has elected to establish a trust to provide all or part of such financial assurance for the facilities identified herein,








Whereas, the Grantor, acting through its duly authorized officers, has selected the Trustee to be the trustee under this agreement, and the Trustee is willing to act as trustee,


Now, therefore, the Grantor and the Trustee agree as follows: Section 1. Definitions as used in this Agreement:





(A) The term “Grantor” means the owner or operator who enters into this


Agreement and any successors or assigns of the Grantor.
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(B) The term “Trustee” means the Trustee who enters into this Agreement and any successor Trustee.





(C) “Facility” or “activity” means any underground injection well or any other facility or activity that is subject to regulation under the Underground Injection Control Program.





(D) Beneficiary (if any) means an entity other than EPA that has authority to direct the Trustee to make payments of Trust proceeds to contractors or other entities for corrective action, injection well plugging, and post- injection site care and site closure.





(ED) EPA Underground Injection Control (UIC) ProgramWater Division Director means the EPA Regional Director for Region V or an authorized representative.





Section 2. Identification of Facilities and Cost Estimates. This Agreement pertains to the facilities and cost estimates identified on attached Schedule A.











Trust Agreement between FutureGen Industrial Alliance, Inc. and U.S. Bank National Association (2-­‐10-­‐2014)	1





 	 	 	 	 





Section 3. Establishment of Fund. The Grantor and the Trustee hereby establish a CO2 Storage Trust Fund (Fund) for the benefit of the State of Illinois EPA. The Grantor and the Trustee acknowledge that the purpose of the Fund is to fulfill the Grantor’s corrective action, injection well plugging, and post-injection site care and site closure obligations described at 40 CFR §§


146.84 (Area of review and corrective action), 146.92 (Injection well plugging), and 146.93 (Post-injection site care and site closure), respectively. All expenditures from the Fund shall be to fulfill the legal obligations of the Grantor under such regulations, and not any obligation of


EPA. The Grantor and the Trustee intend that no independent third-party have access to the Fund


except as herein provided. The Fund is established initially as consisting of the property, which is acceptable to the Trustee, described in Schedule B attached hereto. Such property and any other property subsequently transferred to the Trustee is referred to as the Fund, together with all earnings and profits thereon, less any payments or distributions made by the Trustee pursuant to this Agreement. The Fund shall be held by the Trustee, IN TRUST, as hereinafter provided. The Trustee shall not be responsible nor shall it undertake any responsibility for the amount or adequacy of, nor any duty to collect from the Grantor, any payments necessary to discharge any responsibilities of the Grantor established by EPA regulations.








Section 4. Payment for Corrective Action, Injection Well Plugging, and Post-Injection Site Care  and Site Closure. The Trustee shall make payments from the Fund as the UIC ProgramWater Division Director shall direct, in writing, to provide for the payment of the costs of corrective actions, injection well plugging, and post-injection site care and site closure of the injection wells covered by this Agreement. The Trustee shall use the Fund to reimburse the Grantor or other persons selected by the Grantor to perform work when the UIC ProgramWater Division Director advises in writing that the work will be or was necessary for the fulfillment of the Grantor’s corrective actions, injection well plugging, and post-injection site care and site closure obligations described at 40 CFR 146.84,


146.92, and 146.93, respectively. The UIC ProgramWater Division Director may advise the Trustee that


amounts in the Fund are no longer necessary to fulfill the Grantor’s obligations under 40 CFR


146.85 and that the Trustee may refund the remaining funds to the Grantor. Upon refund, such


funds shall no longer constitute part of the Fund as defined herein.








Section 5. Payments Comprising the Fund. Payments made to the Trustee for the Fund shall consist of cash or securities acceptable to the Trustee. Schedule C provides the amounts and timing of the Alliance payments (i.e., the pay-in periods).








Section 6. Trustee Management. The Trustee shall invest and reinvest the principal and income of the Fund and keep the Fund invested as a single fund, without distinction between principal and income, in accordance with general investment policies and guidelines which the Grantor may communicate in writing to the Trustee from time to time, subject, however, to the provisions of this Section. In investing, reinvesting, exchanging, selling, and managing the Fund, the


Trustee shall discharge its duties with respect to the trust fund solely in the interest of the


beneficiary Grantor and with the care, skill, prudence, and diligence under the circumstances then prevailing which persons of prudence, acting in a like capacity and familiar with such matters, would use in the conduct of an enterprise of a like character and with like aims; except that:	Comment by Jaime Rooke: “Beneficiary” is no longer defined. Since there is no “beneficiary”, I believe “grantor” would be the most appropriate entry here as the Grantor will be directing the funds (Section 4).








(A) Securities or other obligations of the Grantor, or any other owner or operator of the facilities, or any of their affiliates as defined in the
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Investment Company Act of 1940, as amended, 15 U.S.C. 80a–2.(a), shall not be acquired or held, unless they are securities or other obligations of the federal or a state government;








(B) The Trustee is authorized to invest the Fund in time or demand


deposits of the Trustee, to the extent insured by an agency of the federal or


state government; and








(C) The Trustee is authorized to hold cash awaiting investment or distribution un-invested for a reasonable time and without liability for the payment of interest thereon.








Section 7. Commingling and Investment. The Trustee is expressly authorized in its discretion:








(A) To transfer from time to time any or all of the assets of the Fund to any common, commingled, or collective trust fund created by the Trustee in which the Fund is eligible to participate, subject to all of the provisions thereof, to be commingled with the assets of other trusts participating therein; and








(B) To purchase shares in any investment company, except as specified in writing by the owner or operator, registered under the Investment Company Act of 1940, 15 U.S.C. 80a–1 et seq., including one which may be created, managed, underwritten, or to which investment advice is rendered or the shares of which are sold by the Trustee. The Trustee may vote shares in its discretion.








Section 8. Express Powers of Trustee. Without in any way limiting the powers and discretions conferred upon the Trustee by the other provisions of this Agreement or by law, the Trustee is expressly authorized and empowered:








(A) To sell, exchange, convey, transfer, or otherwise dispose of any property held by it, by public or private sale. No person dealing with the Trustee shall be bound to see to the application of the purchase money or to inquire into the validity or expediency of any such sale or other disposition;








(B) To make, execute, acknowledge, and deliver any and all documents of transfer and conveyance and any and all other instruments that may be necessary or appropriate to carry out the powers herein granted;








(C) To register any securities held in the Fund in its own name or in the name of a nominee and to hold any security in bearer form or in book entry, or to combine certificates representing such securities with





certificates of the same issue held by the Trustee in other fiduciary capacities, or to deposit or arrange for the deposit of such securities in a qualified central depository even though, when so deposited, such securities may be merged and held in bulk in the name of the nominee of such depositary with other securities deposited therein by another person, or to deposit or arrange for the deposit of any securities issued by the United States Government, or any agency or instrumentality thereof, with a Federal Reserve bank, but the books and records of the Trustee shall at all times show that all such securities are part of the Fund;








(D) To deposit any cash in the Fund in interest-bearing accounts maintained or savings certificates issued by the Trustee, in its separate corporate capacity, or in any other banking institution affiliated with the Trustee, to the extent insured by an agency of the federal or state government; and








(E) To compromise or otherwise adjust all claims in favor of or against the


Fund.








Section 9. Taxes and Expenses. All taxes of any kind that may be assessed or levied against or in respect of the Fund and all brokerage commissions incurred by the Fund shall be paid from the Fund. All other expenses incurred by the Trustee in connection with the administration of this Trust, including fees for legal services rendered to the Trustee, the compensation of the Trustee


to the extent not paid directly by the Grantor, and all other proper charges and disbursements of


the Trustee shall be paid from the Fund.








Section 10. Annual Valuation. The Trustee shall annually, at least 30 days prior to the anniversary date of establishment of the Fund, furnish to the Grantor and to the UIC ProgramWater Division Director a statement confirming the value of the Trust. Any securities in the Fund shall be valued at market value as of no more than 60 days prior to the anniversary date of establishment of the Fund. The failure of the Grantor to object in writing to the Trustee within 90 days after the statement has been furnished to the Grantor and the UIC ProgramWater Division Director shall constitute a conclusively binding assent by the Grantor, barring the Grantor from asserting any claim or liability against the Trustee with respect to matters disclosed in the statement.








Section 11. Advice of Counsel. The Trustee may from time to time consult with counsel, who may be counsel to the Grantor, with respect to any question arising as to the construction of this Agreement of any action to be taken hereunder. The Trustee shall be fully protected, to the extent permitted by law, in acting upon the advice of counsel.








Section 12. Trustee Compensation. The Trustee shall be entitled to reasonable compensation for its services as agreed upon in writing from time to time with the Grantor.








Section 13. Successor Trustee. The Trustee may resign or the Grantor may replace the Trustee, but such resignation or replacement shall not be effective until the Grantor has appointed a





successor trustee and this successor accepts the appointment. The successor trustee shall have the same powers and duties as those conferred upon the Trustee hereunder. Upon the successor trustee's acceptance of the appointment, the Trustee shall assign, transfer, and pay over to the successor trustee the funds and properties then constituting the Fund. If for any reason the


Grantor cannot or does not act in the event of the resignation of the Trustee, the Trustee may apply to a court of competent jurisdiction for the appointment of a successor trustee or for instructions. The successor trustee shall specify the date on which it assumes administration of the trust in a writing sent to the Grantor, the UIC ProgramWater Division Director, and the present Trustee by certified mail 10 days before such change becomes effective. Any expenses incurred by the Trustee as a result of any of the acts contemplated by this Section shall be paid as provided in Section 9.








Section 14. Instructions to the Trustee. All orders, requests, and instructions by the Grantor to the Trustee shall be in writing, signed by such persons as are designated in the attached Exhibit A or such other designees as the Grantor may designate by amendment to Exhibit A. The Trustee shall be fully protected in acting without inquiry in accordance with the Grantor's orders, requests, and instructions. All orders, requests, and instructions by the UIC ProgramWater Division Director to the Trustee shall be in writing, signed by the UIC ProgramWater Division Director, and the Trustee may rely on these instructions with to the extent permissible by law. The Trustee shall have the right to assume, in the absence of written notice to the contrary, that no event constituting a change or a termination of the authority of any person to act on behalf of the Grantor or EPA or the State of Illinois hereunder has occurred. The Trustee shall have no duty to act in the absence of such orders, requests, and instructions from the Grantor and/or EPA, except as provided for herein.








Section 15. Notice of Nonpayment. The Trustee shall notify the Grantor and the UIC ProgramWater Division Director, by certified mail within 10 days following the expiration of the 30-day period after the anniversary of the establishment of the Trust, if no payment is received from the Grantor during that period. After the pay-in period is completed, the Trustee shall not be required to send a notice of nonpayment.








Section 16. Amendment of Agreement. This Agreement may be amended by an instrument in writing executed by the Grantor, the Trustee, with the concurrence of the UIC ProgramWater Division Director, or by the Trustee and the UIC ProgramWater Division Director if the Grantor ceases to exist. Provided,


however, that EPA may not be named as a beneficiary of the Trust, receive funds from the Trust, or direct that Trust funds be paid to a particular entity selected by EPA.








Section 17. Cancelation, Irrevocability and Termination. Subject to the right of the parties to amend this Agreement as provided in Section 16, this Trust shall be irrevocable and shall continue until terminated at the written agreement of the Grantor, the Trustee, with the concurrence of the UIC ProgramWater Division Director, or by the Trustee and the UIC ProgramWater Division Director if the Grantor ceases to exist. Upon termination of the Trust, all remaining trust property, less final


trust administration expenses, shall be delivered to the Grantor.








Section 18. Immunity and Indemnification. The Trustee shall not incur personal liability of any nature in connection with any act or omission, made in good faith, in the administration of this Trust, or in carrying out any directions by the Grantor issued in accordance with this Agreement.





The Trustee shall be indemnified and saved harmless by the Grantor or from the Trust Fund, or both, from and against any personal liability to which the Trustee may be subjected by reason of any act or conduct in its official capacity, including all expenses reasonably incurred in its defense in the event the Grantor fails to provide such defense. EPA does not indemnify either the Grantor or the Trustee due to the restrictions imposed by the Anti-Deficiency Act, 31 U.S.C.


1341. Rather, any claims against EPA are subject to the Federal Tort Claims Act, 28 U.S.C.


2671, 2680.








Section 19. Choice of Law. This Agreement shall be administered, construed, and enforced according to the laws of the State of Illinois with regard to claims by the Grantor or, Trustee, or Beneficiary (if any).. Claims involving EPA are subject to federal law.








Section 20. Interpretation. As used in this Agreement, words in the singular include the plural and words in the plural include the singular. The descriptive headings for each Section of this Agreement shall not affect the interpretation or the legal efficacy of this Agreement.





In Witness Whereof the parties have caused this Agreement to be executed by their respective officers duly authorized and attested as of the date first above written.











Signature of Grantor’s Authorized Representative:  	 Name of Grantor’s Authorized Representative: Kenneth K. Humphreys, Jr.


Title: Chief Executive Officer








Attest:








Signature:                                                                                                                  Name of Attester:                                                                                                      Title of Attester:                                                                                                       











Signature of Trustee’s Authorized Representative:  	 Name of Trustee’s Authorized Representative:  	


Title:  	








Attest:
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Schedule A: Facilities and Cost Estimates to Which the Trust Agreement Applies





Because the four injection wells covered by this Agreement will be similarly constructed


and drilled from a single well pad, the CO2 injected through the four wells will form one co- mingled CO2 plume. Therefore, funds noted in the table below apply to all four injection wells as one integrated facility.





			Facility


			Corrective Action





($ million)


			Injection Well


Plugging





($ million)


			Post-injection Site Care and Site Closure


($ million)





			EPA Identification Number [to be assigned]: Morgan County Class VI UIC Well #1


73 Central Park Plaza E Jacksonville, IL 62650


			















































$0.623


			















































$2.723


			















































$21.722





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #2


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #3


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #4


73 Central Park Plaza E Jacksonville, IL 62650


			


			


			











Schedule B: Trust Fund Property








Because the four injection wells covered by this Agreement will be similarly constructed


and drilled from a single well pad, the CO2 injected through the four wells will form one co- mingled CO2 plume. Therefore, funds noted in the table below apply to all four injection wells as one integrated facility.








			Facility


			Funding Value for Activities





			EPA Identification Number [to be assigned]: Morgan County Class VI UIC Well #1


73 Central Park Plaza E Jacksonville, IL 62650


			












































$25,068,000.00





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #2


73 Central Park Plaza E Jacksonville, IL 62650


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #3


73 Central Park Plaza E Jacksonville, IL 62650


			





			EPA Identification Number [to be assigned] Morgan County Class VI UIC Well #4


73 Central Park Plaza E Jacksonville, IL 62650


			











Schedule C: Pay-in Periods





The CO2 Trust Fund will be funded according to when the financial risks are incurred on the


FutureGen 2.0 Project in three distinct activities:





•	Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually need to be incurred. Therefore, the trust account will be funded with the cost of plugging injection and monitoring wells as soon as drilling the well begins. The Alliance’s estimated cost of this activity is $2.723 million.


•	Injection: As soon as injection of CO2 begins in the Class VI well(s), certain activities will necessarily need to occur (corrective action that is performed on a phased basis, post- injection site care and monitoring, and site closure). Therefore, the trust account should


be funded with the costs associated with these activities. The Alliance’s estimated cost of this activity is $22.345 million.


•	Post-Injection: While all costs must be covered at the start of the post-injection phase, the trust account may phase out these costs as the activities are completed (with approval from the UIC ProgramWater Division Director). For example, once wells have been plugged, their corresponding plugging costs may be subtracted from the total value of the trust account. Thus, no additional funds will be required for this activity.





Within seven calendar days after the issuance of final Class VI UIC Underground Injection Control (UIC) permits for the Morgan County injection wells, the Alliance will ensure that $2.723 million is in the CO2 Trust Fund to cover the cost of plugging injection and monitoring wells in the Pre-Injection Period.





On or before the one-year anniversary of the issuance of the final Class VI UIC permits for the Morgan County injection wells, and at least seven calendar days prior to EPA authorization for the start of CO2 injection in any of the wells (whichever is earlier), the Alliance will ensure that	Comment by Jaime Rooke: I thought we had agreed on a 3-year pay-in-period. This paragraph, and Table 1, suggest that they will deposit the entire remaining amount in one year. This is better for EPA, but inconsistent with the agreement I believed was in place from the phone conversations.


$22.345 million is in the CO2 Trust Fund to cover the costs of the Injection and Post-Injection


Periods.





These amounts are based on the third-party cost estimate submitted by the Alliance in its Supporting Documentation: Underground Injection Control Class VI Injection Well Permit Applications for FutureGen 2.0 Morgan County Wells 1, 2, 3, and 4, dated March 2013 (Appendix C). These costs are subject to review and approval by EPA and may be adjusted for inflation or any change to the cost estimate in accordance with 40 CFR § 146.85(c)(2).




















Table 1 shows the activities and estimated costs according to when the payments would be required (i.e., at the start of the “Pre-Injection” phase or at the start of the “Injection and Post- Injection Phase”).











Table 1: Payment Schedule





			














Funding


			














Activities


			








Costs (millions of dollars)


			Total Value of


Trust at the Start of Phase (millions of dollars)





			Pre-Injection (within 7 days of final permit


issuance)


			


Plugging Injection and


Monitoring Wells


			








2.723


			








2.723





			Injection and Post- Injection (within 1 year of final permit issuance, or at least 7 days prior to injection, whichever comes first)


			


AoR and Corrective Action


			


0.623


			








22.345





			


			Post-Injection Site Care


(Includes Monitoring)


			


18.32


			





			


			


Closure


			


3.402
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Batka, Allan; Bayer, MaryRose; Elkins, Timothy; Krueger, Thomas; McAuliffe, Mary;
Prabhu. Aditi; Shari.Ring@cadmusgroup.com; Saieh. Patrick; Smith. Robert H

Subject: draft testing and montioring plan

Date: Friday, February 14, 2014 3:10:00 PM

Attachments: FutureGen TM Plan 2-14-14.pdf

Well Shutdown Procedures 2014.docx
FutureGen T&M Strateqy Tables 2-10-14.xIsx

Tyler,

Attached is a draft of the testing and monitoring plan. Thank you for providing the spreadsheet
that helped fill in some of the holes that we had in the initial T&M plan. This version has a number
of items highlighted that needs your attention as well as some suggested changes. Do you think
that you and your team can review this and get back to us with a revised version by the end of next
week?

Also, I'll reiterate the items we talked about just now on our call:

o Regarding final well construction diagrams, if those could detail where the perforations are
planned, that would be helpful.

e We spoke about how we need to make sure that where injection is taking place (the
horizontal section only?) matches how it was computationally modeled as well as
proposed construction diagrams.

o Ifthere Is a list of interested people that signed up with FG, can we see that list to add to
our list of “interested people?”

o Please confirm that the depths that were used in your use of the CO2Flow software are
correct. | saw language that described an injection interval at 3850" when my
understanding is that the horiz. TVD is around 4040’. We are going to need an accurate
surface pressure calc. as a backup to the downhole point of compliance for pressure limit.

e You confirmed my understanding that the monitoring wells (St. Peter and Ironton ones at
least) will have continuous monitoring of pressure and temperature. The tables in the T&E
plan will have to be corrected to show that.

e Surface air monitoring will likely not be a requirement under our permit.

e We'd like some suggestions on when and how emergency and gradual well shut downs
might occur. [I'll attach something that Molly wrote up to help you understand this better]

Thanks again for your help and prompt responses,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]



mailto:Tyler.Gilmore@pnnl.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:batka.allan@epa.gov

mailto:Bayer.MaryRose@epa.gov
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About this Document

This document compiles text from the FutureGen permit application for Morgan County Class
VI UIC Wells 1, 2, 3, and 4 into the testing and monitoring plan template provided in the Class
VI Project Plan Development Guidance. The intent is to identify whether sufficient information
was provided in the permit application to complete the project plans; this is not considered a
complete or approvable project plan.

Identified deficiencies and questions are presented in highlighted text.

To facilitate reference to applicant submittals, text is color-coded and sections of the original
documents are noted (some text has been edited slightly):

e Red text is from the FutureGen permit application.

e Blue text is from the additional information provided in November 2013.

e Green text is from the additional information provided in December 2013.

e Purple text is from the additional information provided in January 2014 (including the

Testing and Monitoring spreadsheet).
e Highlighted text identifies EPA’s comments provided in February 2014

Text written by EPA is black.

Table and figure numbers reflect the labels in FutureGen’s submissions.

Testing and Monitoring Plan

Facility Information

[from Section 1, Table 1.1]

Facility information is provided by FutureGen in Section 1 of the FutureGen 2.0 permit
application for Morgan County Class VI UIC Wells 1, 2, 3, and 4. The contact person at the
FutureGen Morgan County Office was provided in the requests for additional information.

Facility name: FutureGen 2.0 Project: Morgan County Class VI UIC Wells 1, 2, 3, and 4
Facility contacts (names, titles, phone numbers, email addresses): Kenneth Humphries,
Chief Executive Officer, FutureGen Industrial Alliance, Inc., Morgan County Office, 73

Central Park Plaza East, Jacksonville, IL 62650, 217-243-8215

Location (town/county/etc.): Morgan County, IL; 26—16N-9W; 39.800266°N and
90.07469°W”
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Carbon Dioxide Stream Analysis

FutureGen will conduct injection stream analysis to meet the requirements at 40 CFR 146.90(a),
as described below and in Section 5.2.4.2 of their permit application.

[From Section 5.2.4.2: Injection Stream Analysis Parameters]

Based on the anticipated composition of the CO, stream, a list of parameters was identified for
analysis (Chapter 4.0, Table 4.1). Samples of the CO, stream will be collected regularly (e.qg.,
quarterly) for chemical analysis.

Table 1. Parameters and frequency for CO, stream analysis.

Parameter/Analyte Frequency
pH quarterly
Temperature quarterly
CO, (%) quarterly
Water (Ib/mmscf) quarterly
Oxygen (ppm) quarterly
Sulfur (ppm) quarterly
Arsenic (ppm) quarterly
Selenium (ppm) quarterly
Mercury (ppm) quarterly
Argon (%) quarterly
Hydrogen Sulfide (ppm) quarterly

How will FutureGen measure the pH of the gas stream?

Sampling methods:
[From Section 5.2.4.3: Sampling Method]

Grab samples of the CO, stream will be obtained for analysis of gases, including CO,, O,, H,S,
Ar, and water moisture. Samples of the CO, stream will be collected from the CO, pipeline at a
location where the material is representative of injection conditions. A sampling station will be
installed in the ground or on a structure close to the pipeline and connected to the pipeline via
small-diameter stainless steel tubing to accommodate sampling cylinders that will be used to
collect the samples. A pressure regulator will be used to reduce the pressure of the CO, to
approximately 250 psi so that the CO, is in the gas state when collected rather than a
supercritical liquid. Cylinders will be purged with sample gas (i.e., CO,) prior to sample
collection to remove laboratory-added helium gas and ensure a representative sample.

Analytical techniques: [Not specified.]

Laboratory to be used/chain of custody procedures: [Not specified.]
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Quality assurance and surveillance measures:
[from Section 5.6: Data Management]

A wide variety of monitoring data will be collected specifically for this project, under
appropriate quality assurance protocols.

[from Section 5.8: Quality Assurance and Surveillance Plan]

Data quality assurance and surveillance protocols will be designed to facilitate compliance with
requirements specified in 40 CFR 146.90(k).

A complete QASP will be needed.

Continuous Recording of Injection Pressure, Rate, and VVolume: Annulus Pressure

FutureGen will conduct continuous monitoring of injection parameter to meet the requirements
at 40 CFR 146.90(b), as described below and in Section 5.2.4 of their permit application.

[From Section 5.2.4.1: Continuous Monitoring of the CO, Injection Process]
Continuous Recording of Injection Mass Flow Rate

The mass flow rate of CO; injected into the well field will be measured by a flow meter skid
with a Coriolis mass flow transmitter for each well. Each meter will have analog output (Micro
Motion Coriolis Flow and Density Meter Elite Series or similar). A total of six flow meters will
be supplied, providing for two spare flow meters to allow for flow meter servicing and
calibration. Valving will be installed to select flow meters for measurement and for calibration.
A single flow prover will be installed to calibrate the flow meters, and piping and valving will be
configured to permit the calibration of each flow meter. The flow transmitters will each be
connected to a remote terminal unit (RTU) on the flow meter skid.

The RTU will communicate with the Control Center through the well annular pressure
maintenance and monitoring system (WAPMMS) programmable logic controller (PLC) located
at the injection well site. The flow rate into each well will be controlled using a flow-control
valve located in the CO, pipeline associated with each well. The control system will be
programmed to provide the desired flow rate into three of the four injection wells, with the one
remaining well receiving the balance of the total flow rate.

Continuous Recording of Injection Pressure

The pressure of the injected CO, will be continuously measured for each well at a regular
frequency by an electronic pressure transmitter with analog output mounted on the CO; line
associated with each injection well at a location near the wellhead. The transmitter will be
connected to the WAPMMS PLC at the injection well site.

Testing and Monitoring Plan for FutureGen Alliance
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Continuous Recording of Injection Temperature

The temperature of the injected CO, will be continuously measured for each well at a regular
frequency by an electronic temperature transmitter. The temperature transmitter will be mounted
in a temperature well in the CO, line at a location close to the pressure transmitter near the
wellhead. The transmitter will be connected to the WAPMMS PLC located at the injection well
site.

[From 1/17/2014 response]

Mechanical strain gauges and thermocouples wires will be the primary monitoring devices for
pressure and temperature and will be frequently re-calibrated (initially on a quarterly basis). In
some wells a redundant fiber optic cable will also be installed as part of a comparison test with
more standard gauges.

The injection wells will be completed with a string of 3.5 in.-OD tubing that extends from the
wellhead at the surface to near the top of the perforated interval. A tubing string that is 4,000 ft
long will extend approximately 11 ft below the top of the perforations. The tubing string will be
held in place at the bottom by a packer that is positioned just above the uppermost perforations
(approximate measured depth of 3,975 ft). An optical or electronic pressure-and-temperature
(P/T) gauge will be installed on the outside of the tubing string, approximately 30 ft above the
packer, and ported into the tubing to continuously measure CO; injection P/T inside the tubing at
this depth. Because the bottom-hole P/T gauge will be attached to the tubing string, the gauge
will be recalibrated or replaced only when the injection well tubing string is pulled, which would
occur only if warranted by a downhole issue that can only be addressed by performing a well
workover. In addition, injection P/T will also be continuously measured at the surface via real-
time P/T instruments installed in the CO; pipeline near the pipeline interface with the wellhead.
The surface instruments will be checked, and if necessary, re-calibrated or replaced on a regular
basis (e.g., semi-annually) to ensure they are providing accurate data. Because the surface
instruments can be more readily accessed and maintained than the bottom-hole gauge, they will
be used to control injection operations and trigger shutdowns.

The sampling and recording protocol of the pressure and temperature gauges is needed from
FutureGen in order to determine if the sampling protocols meet Region 5s guidance on
continuous monitoring. Specific information on the frequency at which temperature and pressure
data will measured is also needed.
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Corrosion Monitoring

FutureGen will conduct corrosion monitoring of well materials to meet the requirements at 40
CFR 146.90(c), as described below and in Section 5.3.2.2 of their permit application.

[From Section 5.3.2.2: Corrosion Monitoring]

Casing and Tubing

Corrosion of well materials will be monitored using the corrosion coupon method. Corrosion
monitoring of well casing and tubing materials will be conducted using coupons placed in the
CO;, pipeline. The coupons will be made of the same material as the long string of casing and the
injection tubing. The coupons will be removed quarterly and assessed for corrosion using the
American Society for Testing and Materials (ASTM) G1-03, Standard Practice for Preparing,
Cleaning, and Evaluating Corrosion Test Specimens (ASTM 2011). Upon removal, coupons will
be inspected visually for evidence of corrosion (e.g., pitting). The weight and size (thickness,
width, length) of the coupons will also be measured and recorded each time they are removed.
Corrosion rate will be calculated as the weight loss during the exposure period divided by the
duration (i.e., weight loss method).

Casing and tubing will also be evaluated periodically for corrosion throughout the life of the
injection well by running casing inspection (wireline) logs. The frequency of running these
tubing and casing inspection logs will be determined based on site-specific parameters and well
performance. Wireline tools are lowered into the well to directly measure properties of the well
tubulars that indicate corrosion. Four types of wireline tools are available for assessing corrosion
of well materials—mechanical, electromagnetic, ultrasonic, and videographic. Mechanical,
electromagnetic, and/or ultrasonic tools will be used primarily to monitor well corrosion (Table
2). These tools, or comparable tools from alternate vendors, will be used to monitor the condition
of well tubing and casing.

Table 2. Examples of wireline tools for monitoring corrosion of casing and tubing (Table 5.6 of FutureGen’s
permit application).

Mechanical Ultrasonic Electromagnetic
Tool Name b
Multifinger Imaging Tool(a) Ultrasonic Imager Tool(a) High-Resolution Vertilog( )
Type Mechanical Ultrasonic Electromagnetic
Inner diameter, wall thickness, ic flux leak
Parameter(s) Internal radius: does not acoustic impedance, cement I\_/Iagnetllc gx ea agle
Measured measure wall t,hickness bonding to casing (mltlerna gn extke;rnag |
Up to 180 measurements per | Full 360 degree borehole
revolution coverage
. 1.6875, 2.75, 4 (multiple
Tool O.D. (in.) versions available) 3.41 10 8.625 2.2t08.25
Tubular Size That .
Can Be Measured | 2/ 3/7, 5/10 (multiple 4.5/13.375 4.5/9.625
. . versions available)
Min/Max (in.)
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Mechanical Ultrasonic Electromagnetic

Tool Name
Multifinger Imaging Tool(a) Ultrasonic Imager Tool(a) High-Resolution Vertilog(b)
. Can distinguish between
. walls (internal/external) perforations. Can measure
Comments, Typically run on memory ' pipe thickness.

quality of cement bond to pipe,
and channels in cement.
Moderate logging speed

(30 ft/min) is possible.

limitations, special |using slickline. Can also be
requirements, etc. | run in surface real-time mode.

High logging speed (200
ft/min) is possible.
Cannot evaluate multiple
strings of tubular
simultaneously.

(a) Schlumberger Limited
(b) Baker Hughes, Inc.

Mechanical casing evaluation tools, referred to as calipers, have multiple “fingers” that measure
the inner diameter of the tubular as the tool is raised or lowered through the well. Modern-day
calipers have several fingers and are capable of recording information measured by each finger
so that the data can be used to produce highly detailed 3D images of the well. An example
caliper tools is Schlumberger’s Multifinger Imaging Tool (Table 5.6). This tool is available in
multiple sizes to accommodate various sizes of well tubing and casing.

Ultrasonic tools are capable of measuring wall thickness in addition to the inner diameter
(radius) of the well tubular. Consequently, these tools can also provide information about the
outer surface of the casing or tubing. Examples of ultrasonic tools include Schlumberger’s
Ultrasonic Casing Imager (UCI) and Ultrasonic Imager (USI). The USI can also be used for
cement evaluation, as discussed below. Specifications for the USI tool are listed in Table 5.6.

Electromagnetic tools are able to distinguish between internal and external corrosion effects
using variances in the magnetic flux of the tubular being investigated. These tools are able to
provide mapped (circumferential) images with high resolution such that pitting depths, due to
corrosion, can often be accurately measured. An example electromagnetic tool is Baker Hughes’
High-Resolution Vertilog (Table 5.6).

Mechanical caliper tools are excellent casing/tubing evaluation tools for internal macro-scale
features of the casing/tubing string. Ultrasonic tools, such as the USI, are able to further refine
the scale of feature detection and can evaluate cement condition. However, electromagnetic tools
offer the most sensitive means for casing/tubing corrosion detection. When conducting casing
inspection logging, both an ultrasonic and an electromagnetic tool will be run to assess casing
corrosion conditions (the ultrasonic tool will also be run to provide information on cement
corrosion).
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Ground Water Quality Monitoring

FutureGen will conduct ground water quality/geochemical monitoring above the confining zone
to meet the requirements at 40 CFR 146.90(d). The following information is drawn from
Sections 5.1.4 and 5.2.2 of FutureGen’s permit application, as well as the supplemental
information submitted in January 2014.

FutureGen will conduct periodic fluid sampling throughout the injection phase in three wells
constructed for the purpose of this project: two above confining zone (ACZ) monitoring wells in
the Ironton Sandstone (the first permeable unit above the confining zone) and a lowermost
USDW well in the St. Peter Sandstone. Details on these wells are given in Table 3 and a map of
the well locations is shown in Figure 1. Construction information has not yet been submitted.

Table 3. Monitoring wells to be used for ground water/geochemical sampling above the confining zone.

Above Confining Zone (ACZ) USbDwW
Number of Wells 2 1
Total Depth (ft) 3,470 2,000

. 39.800400, -90.078344;
Lat/Long (decimal degrees) 39.800353, -00.088064 39.800400, -90.078344
Monitored Zone Ironton Sandstone St. Peter Sandstone
o _ Fiber-optic (mlc_roselsmlc). cable P/T/SpC probe in monitored
Monitoring Instrumentation cemented in annulus; interval*
P/T/SpC probe in monitored interval*

* The P/T/SpC (pressure, temperature, specific conductance) probe is an electronic downhole multi-parameter
probe incorporating sensors for measuring fluid P/T/SpC within the monitored interval. The probe is installed
inside tubing string, which is perforated (slotted) over the monitoring interval. Sensor signals are multiplexed to a
surface data logger through a single conductor wireline cable.
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Figure 1. Locations of ACZ and USDW wells relative to FutureGen’s injection zone monitoring wells,
injection wells, and predicted plume extent.

FutureGen will also conduct baseline sampling in the shallow, semi-consolidated glacial
sediments that make up the surficial aquifer, using approximately 10 local landowner wells and
one well drilled for the project (Figure 2).
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Data Source: Midwest Geological Sequestration Consortium, February 13, 2012 2010 NAIP Digital Ortho Photo Imagery
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Figure 2. Surficial aquifer monitoring locations. Well FG-1 is a dedicated well drilled for the purposes of the
FutureGen project, while wells FGP-1 through FGP-10 are local landowner wells.
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[Adapted from the spreadsheet submitted on 1/29/14:]

Sampling will take place at the frequencies specified in Table 4 (for the surficial aquifers), Table
5 (for the St. Peter), and Table 6 (for the Ironton). Because near-surface environmental impacts
are not expected, surficial aquifer (<100 ft bgs) monitoring will only be conducted for a
sufficient duration to establish baseline conditions (minimum of 3 sampling events); surficial
aquifer monitoring is not planned during the injection phase, however, the need for additional
surficial aquifer monitoring will be continually evaluated throughout the operational phases of
the project, and may be reinstituted if conditions warrant. Given our current conceptual
understanding of the subsurface environment, early and appreciable impacts on near-surface
environments are not expected, so extensive networks of surficial aquifer monitoring wells are
not warranted.

Target parameters for the ACZ wells include pressure, temperature, and hydrogeochemical
indicators of CO; and brine composition. A comprehensive suite of geochemical and isotopic
analyses will be performed on collected fluid samples and analytical results will be used to
characterize baseline geochemistry and provide a metric for comparison during operational
phases. Selection of this initial analyte list was based on relevance for detecting the presence of
fugitive brine and CO,. Results for this comprehensive set of analytes will be evaluated and a
determination made regarding which analytes to carry forward through the operational phases of
the project. This selection process will consider the uniqueness and signature strength of each
potential analyte and whether their characteristics provide for a high value leak detection
capability. Once baseline conditions have been established, observed differences in the
geochemical and isotopic signature between the reservoir and overlying monitoring intervals,
along with predictions of leakage-related pressure response, will be used to specify triggers
values that would prompt further action, including a detailed evaluation of the observed response
and possible modification to the monitoring approach and/or storage site operations. This
evaluation will be supported by numerical modeling of theoretical leakage scenarios that will be
used to evaluate leak detection capability and interpret any observed pressure and/or
geochemical/isotopic change in the ACZ wells.

Target parameters for the USDW and surficial aquifer wells include pressure, temperature, and
hydrogeochemical indicators of CO, and brine composition. A comprehensive suite of
geochemical and isotopic analyses will be performed on collected fluid samples during the
baseline monitoring period. Selection of this initial analyte list was based on relevance for
detecting the presence of fugitive brine and CO,. Results for this comprehensive set of analytes
will then be evaluated and a determination made regarding which analytes to carry forward
through the operational phases of the project. This selection process will consider the uniqueness
and signature strength of each potential analyte and whether their characteristics provide for a
high value leak detection capability. Trigger values for the lowermost USDW monitoring well
and the surficial aquifer monitoring wells have not been defined. If a leakage response is
observed in the ACZ early-detection monitoring wells (Ironton) then the decision not to institute
USDW aquifer triggers will be reevaluated based on the magnitude of the observed leakage
response and predictive simulations of CO, transport between the Ironton and the St. Peter
aquifers.
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Note: The information in the following tables is drawn from Tables 5.3, 5.4, and 5.5 of
FutureGen’s permit application, updated to reflect the most recent submissions. Tables 5.4 and
5.5 of the permit application give a fairly comprehensive list of target parameters that are under
consideration, including a brief description of sampling and analysis requirements. However,
FutureGen has not yet submitted a final list of the planned parameters; see the text above. In
particular, dissolved and/or separate-phase CO; is not listed as a target parameter under
consideration in Tables 5.4 and 5.5, and this should be discussed further. Depending on the final
suite of parameters chosen, it may be appropriate to monitor for CO, indirectly, e.g. by
monitoring dissolved inorganic carbon concentrations in combination with pH as recommended
by researchers such as Wilkin and Digiulio (2010). However, this determination will need to be
made after the final list of parameters is received. (Reference: Wilkin, R.T. and D.C. Digiulio.
2010. Geochemical Impacts to Groundwater from Geologic Carbon Sequestration: Controls on
pH and Inorganic Carbon Concentrations from Reaction Path and Kinetic Modeling. Environ.
Sci. Technol. 44(12): 4821-4827.)

Table 4. Sampling schedule for surficial aquifer monitoring wells.

Monitoring well name/location/map reference: Surficial aquifer monitoring wells (Figure 2)
Well depth/formation(s) sampled: Shallow glacial sediments (approx. 17 ft — 49 ft)

Frequency Frequency

Parameter/Analyte (Baseline) (Injection Phase)
Dissolved or separate-phase CO, Not listed in Tables 5.4, 5.5 None planned
Pressure At least 3 sampling events None planned
Temperature At least 3 sampling events None planned
Other parameters, including total dissolved solids,
pH, specific co_nductlvrgy, major cations and anions, At least 3 sampling events None planned
trace metals, dissolved inorganic carbon, total
organic carbon, carbon and water isotopes, and radon

Table 5. Sampling schedule for USDW monitoring well.

Monitoring well name/location/map reference: One USDW monitoring well (see Figure 1)
Well depth/formation(s) sampled: St. Peter Sandstone (2,000 ft)

Frequency Frequency
Parameter/Analyte (Baseline) (Injection Phase)
Dissolved or separate-phase CO, Not listed in Tables 5.4, 5.5 Not listed in Tables 5.4, 5.5
Pressure At least 3 sampling events Quarterly for 3 years, then semi-annually

for 2 years and annually thereafter

Quarterly for 3 years, then semi-annually

Temperature At least 3 sampling events for 2 years and annually thereafter

Other parameters, including total
dissolved solids, pH, specific conductivity,
major cations and anions, trace metals,
dissolved inorganic carbon, total organic
carbon, carbon and water isotopes, and
radon

Quarterly for 3 years, then semi-annually

Al least 3 sampling events for 2 years and annually thereafter
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Table 6. Sampling schedule for ACZ monitoring wells.

Monitoring well name/location/map reference: Two ACZ monitoring wells (see Figure 1)
Well depth/formation(s) sampled: Ironton Sandstone (3,470 ft)

Frequency Frequency
Parameter/Analyte (Baseline) (Injection Phase)
Dissolved or separate-phase CO, Not listed in Tables 5.4, 5.5 Not listed in Tables 5.4, 5.5
Pressure At least 3 sampling events Quarterly for 3 years, then semi-annually

for 2 years and annually thereafter

Quarterly for 3 years, then semi-annually

Temperature At least 3 sampling events for 2 years and annually thereafter

Other parameters, including total
dissolved solids, pH, specific conductivity,
major cations and anions, trace metals,
dissolved inorganic carbon, total organic
carbon, carbon and water isotopes, and
radon

Quarterly for 3 years, then semi-annually

Al least 3 sampling events for 2 years and annually thereafter

Sampling methods:
[From Section 5.2.2.3: Sampling and Analysis]

A sampling plan is referenced below, but not provided; also FutureGen cites cost as a factor in
selecting methods — costs should not be a factor.

Specific field sampling protocols will be described in a project-specific sampling plan to be
developed prior to initiation of field test operations, once the test design has been finalized. The
work will comply with applicable EPA regulatory procedures and relevant American Society for
Testing and Material, ISGS, and other procedural standards applicable for groundwater sampling
and analysis. All sampling and analytical measurements will be performed in accordance with
project quality assurance requirements (see Section 5.8), samples will be tracked using
appropriately formatted chain-of-custody forms, and analytical results will be managed in
accordance with a project-specific data management plan (see Section 5.6). Investigation-derived
waste will be handled in accordance with site requirements.

During all groundwater sampling, field parameters (pH, specific conductance, and temperature)
will be monitored for stability and used as an indicator of adequate well purging (i.e., parameter
stabilization provides indication that a representative sample has been obtained). Calibration of
field probes will follow the manufacturer’s instructions using standard calibration solutions. A
comprehensive list of target analytes under consideration and groundwater sample collection
requirements is provided in Table 5.4. The relative benefit (and cost) of each analytical
measurement will be evaluated throughout the design and initial injection testing phase of the
project to identify the analytes best suited to meeting project monitoring objectives under site-
specific conditions. If some analytical measurements are shown to be of limited use and/or cost
prohibitive, they will be removed from the analyte list. All analyses will be performed in
accordance with the analytical requirements listed in Table 5.5. Additional analytes may be
included for the shallow USDW based on landowner requests (e.g., coliform bacteria). If
implemented, monitoring for tracers will follow standard agueous sampling protocols for the
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naphthalene sulfonate tracer, but a pressurized sample for the PFT tracer will be required
because the PFT will be partitioned into the gas phase.

Sampling and analytical techniques for target parameters are given in Table 7 and Table 8,
respectively.

Note: We assume that FutureGen intends to test for all these parameters during the baseline
sampling described above. However, clarification is needed. We will update these tables based
on any further information submitted.

Table 7. Aqueous sampling requirements for target parameters (adapted from Table 5.4 of FutureGen’s
permit application).

Parameter Volume/Container Preservation H_Icz:?r:gg
Major Cations: Al, Ba, Ca, Fe, 20-mL plastic vial Filtered (0.45 pm), HNO; to pH <2 60 days
K, Mg, Mn, Na, Si,
Trace Metals: Sh, As, Ba, Cd, 20-mL plastic vial Filtered (0.45 pm), HNO; to pH <2 60 days
Cr, Cu, Pb, Hg, Se, Tl
Anions: CI', Br, F, SO, NOy, |20-mL plastic vial Cool 4°C 45 days
Gravimetric Total Dissolved 250-mL plastic vial Filtered (0.45 um), no preservation Cool
Solids (TDS), compare to TDS 4°C
by calculation from major ions
Water Density 100 mL plastic vial Filtered (0.45 um), no preservation Cool |60 days
4°C
Alkalinity 100 mL HDPE Filtered (0.45 um) Cool 4°C 5 days
Dissolved Inorganic Carbon 20-mL plastic vial Cool 4°C 45 days
(DIC)
Total Organic Carbon (TOC) 40 mL glass unfiltered 14 days
Carbon Isotopes (*C, ****C) 5-L HDPE pH >6 14 days
Water Isotopes (?*H, #°0) 20-mL glass vial Cool 4°C 45 days
Radon (**Rn) 1.25-L PETE Pre-concentrate into 20-mL scintillation |1 day
cocktail. Maintain groundwater
temperature prior to pre-concentration
Naphthalene Sulfonate or 500 mL HDPE Filtered (0.45 pum), no preservation 60 days
Fluorinated Benzoic Acid
Tracers (aqueous phase)
Perfluorocarbon Tracer (PFT) 500 mL glass unfiltered, Cool 4°C 60 days
(scCO, or gas phase)
pH Field parameter None <lh
Specific Conductance Field parameter None <lh
Temperature Field parameter None <lh
HDPE = high-density polyethylene; PETE = polyethylene terephthalate
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Table 8. Analytical requirements (adapted from Table 5.5 of FutureGen’s permit application).

Detection Limit

Typical Precision/

Parameter Analysis Method or Range Accuracy QC Requirements
Daily calibration;
Major Cations: Al, |ICP-OES, PNNL-AGG- 0.1to 1 mg/L blanks and duplicates
Ba, Ca, Fe, K, Mg, |ICP-AES (similar to EPA (analyte +10% and matrix spikes at
Mn, Na, Si, Method 6010B) dependent) 10% level per batch
of 20
Daily calibration;
Trace Metals: Sb, | ICP-MS, PNNL-AGG-415 1 ua/L for trace blanks and duplicates
As, Ba, Cd, Cr, Cu, | (similar to EPA Method elsr%ents +10% and matrix spikes at
Pb, Hg, Se, Tl 6020) 10% level per batch
of 20
Daily calibration;
Anions: CI', Br', F, lon Chromatography, AGG- blanks and duplicates
2 ! 2> | 1C-001 (based on EPA +15%
S04, NOj, CO3 Method 300.0A) at 10% level per
' batch of 20
Gravimetric Method 0 Balance calibration,
DS Standard Methods 2540C 12 mg/L 5% triplicate samples
Water Density Standard Methods 227 0.0001 g/mL +0.0% Triplicate
measurements
Alkalinity 'lrcl)tzratlon, standard methods 4 mg/L +3 mg/L Triplicate titrations
Dissolved Carbon analyzer, phosphoric Triplicate analyses
Inorganic Carbon rbon analyzer, pnosp 0.002% +10% Ipficate analyses,
(DIC) acid digestion of DIC daily calibration
Total Organic Carbon analyzer; total . Triplicate analyses
Carbon (TOC) carbon by 900°C pyrolysis | 0.002% +10% dailv calibration '
minus DIC =TOC y
Carbon Isotopes ) +4%o for **C; .
R 13/12C)p Accelerator MS 10 io-z"(;oo for 1°C Triplicate analyses
IRMS: £1.0%o for
\Water Isotones Water equilibration coupled ’H; +0.15%o for *°0;
CHIH 18/16%) with IRMS ; Alternatively, |10° WS-CRDS: £0.10%o | Triplicate analyses
: consider WS-CRDS for °H; +£0.025%. for
180
Radon (*’Rn) Liquid scintillation after 5 mBg/L +10% Triplicate analyses
pre-concentration
Naphthalene Liquid chromatography- 5 parts per . 0
Sulfonate or mass spectrometry (LC-MS) |trillion (5 x 10%%) | Varies with sDaLro?“IZZte; 1r?i1{(i]c(;fnt
Benzoic Acid or gas chromatography with |or 10 parts per | conc.,+30% at ples, sig

Tracer (aqueous
phase)

electron capture detector
(ECD)

quadrillion (10 x
1015)

detection limit

number of blanks for
cross-contamination

Perfluorocarbon
Tracer (PFT)
(scCO2 or gas
phase)

Gas chromatography with
electron capture detector
(ECD)

10 parts per
quadrillion (10 x
1015)

Varies with conc.,
+30% at detection
limit

Duplicates 10% of
samples, significant
number of blanks for
cross-contamination

Testing and Monitoring Plan for FutureGen Alliance
Preliminary draft — do not distribute

14








Parameter Analysis Method Detection Limit | Typical Precision/ QC Requirements
or Range Accuracy
. User calibrate, follow
pH pH electrode 2 to 12 pH units 10.2_ pl-_l unit manufacturer
For indication only .
recommendations
- . User calibrate, follow
0 L
Specific Electrode 0to 100 mS/cm ﬂ@ Of. rea_dlng manufacturer
conductance For indication only .
recommendations
o +0.2°C o
Temperature Thermocouple 5to 50°C LT Factory calibration
For indication only

ICP = inductively coupled plasma; IRMS = isotope ratio mass spectrometry; MS = mass spectrometry;
OES = optical emission spectrometry; WS-CRDS = wavelength scanned cavity ring-down spectroscopy

Laboratory to be used/chain of custody procedures:
[from Section 5.2.2.3 Sampling and Analysis]

[S]amples will be tracked using appropriately formatted chain-of-custody forms.

FutureGen lacks detail in its description of laboratory and chain of custody procedures.
FutureGen should provide a more detailed Testing and Monitoring Plan containing this
information. [Request from FutureGen.]

Quality assurance and surveillance measures:
[from Section 5.8: Quality Assurance and Surveillance Plan]

Data quality assurance and surveillance protocols adopted by the project will be designed to
facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance
(QA) requirements for direct measurements within the injection zone, above the confining zone,
and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and
aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA
requirements for selected geophysical methods, which provide indirect measurements of CO,
nature and extent and are being tested for their applicability under site conditions, are not
addressed in this plan. These measurements will be performed based on best industry practices
and the QA protocols recommended by the geophysical services contractors selected to perform
the work.

FutureGen lacks detail in its description of quality assurance and surveillance protocols.
FutureGen should provide a more detailed Testing and Monitoring Plan containing this
information. [Request from FutureGen.]
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Plan for guaranteeing access to all monitoring locations:
[Adapted from the spreadsheet submitted on 1/29/14:]

The locations of the ACZ and USDW wells has been finalized, pending final signing of
landowner agreements. For these wells, the land will either be purchased or leased for the life of
the project, so access will be secured.

Access to the surficial aquifer wells will not be required over the lifetime of the project. Access
to wells for baseline sampling has been on a voluntary basis by the well owner. Ten local
landowners originally agreed to have their surficial aquifer wells sampled, one opted out during a
recent sampling event.

External Mechanical Integrity Testing

FutureGen will conduct external mechanical integrity testing to meet the requirements at 40 CFR
146.90(e), as described below and in Section 5.3.2 of their permit application.

Note: the discussion of MITs in the permit application appears to describe the purpose of MITs
and background, but does not describe the actual tests FutureGen will perform (we retain it for
now). Additional information is needed for the Testing and Monitoring Plan; a table outlining the
MITs and a schedule for performing them is recommended.

Temperature Logging

Temperature logs can be used to identify fluid movement along channels adjacent to the well
bore. In addition to identifying injection-related flows behind casing, temperature logs can
often locate small casing leaks.

Injection of CO, will have a cooling or heating effect on the natural temperature in the storage
reservoirs, depending on the temperature of the injected CO, and other factors. Once injection
starts, the flowing temperature will stabilize quickly (assuming conditions remain steady).
When an injection well is shut-in for temperature logging, the well bore fluid begins to revert
toward ambient conditions. Zones that have taken injectate, either by design or not, will exhibit
a “storage” signature on shut-in temperature surveys (storage signatures are normally cold
anomalies in deeper wells, but may be cool or hot depending on the temperature contrast
between the injectate and the reservoir). Losses behind pipe from the injection zone can be
detected on both flowing and shut-in temperature surveys and exhibit a “loss” signature.

For temperature logging to be effective for detecting fluid leaks, there should be a contrast in
the temperature of the injected CO; and the reservoir temperature. The greater the contrast in
the CO, when it reaches the injection zone and the ambient reservoir temperature, the easier it
will be to detect temperature anomalies due to leakage behind casing. Based on data from the
stratigraphic well, ambient bottom-hole temperatures in the Mount Simon Sandstone are
expected to be approximately 100°F; the temperature of the injected CO; is anticipated to be
on the order of 72°F to 90°at the surface (depending on time of year) but will undergo some
additional heating as it travels down the well. After the baseline (i.e., prior to injection)
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temperature log has been run to determine ambient reservoir temperature in each well, it will
be possible to determine whether there will be sufficient temperature contrast to make the
temperature log an effective method for evaluating external mechanical integrity. Temperature
logging would be conducted through the tubing and therefore would not require removal of the
tubing and packer from the well.

The Alliance will consult the EPA Region 5 guidance for conducting temperature logging
(EPA2008) when performing this test.

Oxygen-Activation Logging

Oxygen activation is a geophysical logging technique that uses a pulsed-neutron capture tool to
quantify the flow of water in or around a borehole. For purposes of demonstrating external
mechanical integrity, a baseline oxygen activation will be run prior to the start of CO, injection
and compared to later runs to determine changing fluid flow conditions adjacent to the well
bore (i.e., formation of channels or other fluid isolation concerns related to the well).

The pulsed-neutron tool emits high-energy neutrons that interact with water molecules present
in the casing-formation annular space, among others. This temporarily activates oxygen (160)
to produce an isotope of nitrogen (16N) that decays back to oxygen with a half-life of 7.1
seconds and emits an easily detected gamma ray. Typical pulsed-neutron capture tools have
two or three gamma-ray detectors (above and below the neutron source) to detect the
movement of the activated molecules, from which water velocity can then be calculated. The
depth of investigation for oxygen-activation logging is typically less than 1 ft; therefore, this
log type provides information immediately adjacent to the well bore.

Repeat runs will be made under conditions that mimic baseline conditions (e.g., similar
logging speeds and tool coefficients) as closely as possible to ensure comparability between
baseline and repeat data.

The Alliance will consult the EPA Region 5 guidance for conducting the oxygen-activation
logging (EPA 2008) when performing this test.

Suggested language: Proposed external mechanical integrity test procedures will be submitted to

the EPA Region 5 office for review, at least 30 days before any anticipated test. The permittee
will work with the EPA Region 5 office to accommodate any comments they may have on the
proposed test procedures.

[from Section 5.3.2: Mechanical Integrity Testing During Service Life of Well]

As discussed in the Construction and Operations Plan (Section 4.3), an initial (baseline)
temperature log and/or oxygen-activation log will be run on the well after well construction
but prior to commencing CO; injection. These baseline log(s) will serve as a reference for
comparing future temperature and/or oxygen-activation logs for evaluating external
mechanical integrity. The following sections describe temperature logging and oxygen-
activation logging during the service life of the well. A third type of mechanical integrity
test—a RTS—is also described. This method may be used in addition to temperature logging
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or oxygen-activation logging, if needed, to help explain results, but in itself, is not an approved
external mechanical integrity method for the conditions present at the injection wells.

[from Section 5.3.2.2: Corrosion Monitoring]

Note that cement evaluation beyond the preliminary cement-bond log is not required for Class
VI wells under MIT or corrosion monitoring (40 CFR 146.89 and 146.90). However, it is
recognized that cement integrity over time can influence the mechanical integrity of an
injection well. Therefore, cement- evaluation logs will be run when tubing is removed from the
well (i.e., during well workovers).

Pressure Fall-Off Testing

FutureGen will conduct pressure fall-off testing to meet the requirements at 40 CFR 146.90(f), as
described below and in Section 5.3.1 of their permit application.

Note: the discussion of fall-off testing in the permit application appears to describe the purpose
of the tests and background, but does not describe the actual tests FutureGen will perform (we
retain it for now) or the frequency. Additional information is needed for the Testing and
Monitoring Plan.

[from Section 5.3.1: Pressure Fall-Off Testing]

Pressure fall-off tests conducted after the start of CO, injection operations will provide the
following information:

= confirmation of hydrogeologic reservoir properties
= long-term pressure buildup in the injection reservoir(s) due to CO; injection over time

= average reservoir pressure, which can be compared to modeled predictions of reservoir
pressure to verify that the operation is responding as modeled/predicted and identify the
need for recalibration of the AoR model in the event that the monitoring results do not
match expectations

- formation damage (skin) near the well bore, which can be used to diagnose the
need for well remediation/rehabilitation.

The EPA has not issued guidance for conducting pressure fall-off testing at GS sites; however,
guidance is available for conducting these tests for Class | UIC wells (see for example EPA
2002, 1998). These guidelines will be followed when conducting pressure fall-off tests for the
FutureGen 2.0 Project.

In the pressure fall-off test, flow is maintained at a steady rate for a period of time, then injection
is stopped, the well is shut-in, and bottom-hole pressure is monitored and recorded for a period

of time sufficient to make a valid observation of the pressure fall-off curve. Downhole or surface
pressure gauges will be used to record bottom-hole pressures during the injection period and the
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fall-off period. Pressure gauges that are used for the purpose of the fall-off test will be
calibrated on an annual basis with current annual calibration certificates provided with test
results to EPA. In lieu of removing the injection tubing, the calibration of downhole pressure
gauges will demonstrate accuracy by utilizing a second pressure gauge, with current certified
calibration, that will be lowered into the well to the same depth as the permanent downhole
gauge. Calibration curves, based on annual calibration checks (using the second calibrated
pressure gauge) developed for the downhole gauge, can be used for the purpose of the fall-off
test. If used, these calibration curves (showing all historic pressure deviations) will accompany
the fall-off test data submitted to EPA. Pressures will be measured at a frequency that is
sufficient to measure the changes in bottom-hole pressure throughout the test period, including
rapidly changing pressures immediately following cessation of injection. The fall-off period will
continue until radial flow conditions are observed, as indicated by stabilization of pressure and
leveling off of the pressure derivative curve. The fall-off test may also be truncated if boundary
effects are encountered, which would be indicated as a change in the slope of the derivative
curve, or if radial flow conditions are not observed. In addition to the radial flow regime, other
flow regimes may be observed from the fall-off test, including spherical flow, linear flow, and
fracture flow. Analysis of pressure fall-off test data will be done using transient-pressure
analysis techniques that are consistent with EPA guidance for conducting pressure fall-off tests
(EPA 1998, 2002).

[from Section 5.8: Quality Assurance and Surveillance Plan]

Data quality assurance and surveillance protocols adopted by the project will be designed to
facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance
(QA) requirements for direct measurements within the injection zone, above the confining zone,
and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and
aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA
requirements for selected geophysical methods, which provide indirect measurements of CO,
nature and extent and are being tested for their applicability under site conditions, are not
addressed in this plan. These measurements will be performed based on best industry practices
and the QA protocols recommended by the geophysical services contractors selected to perform
the work. Additional information is needed.

Carbon Dioxide Plume and Pressure Front Tracking

FutureGen will conduct direct and indirect carbon dioxide plume and pressure-front monitoring
to meet the requirements of 40 CFR 146.90(g). The following information is drawn from
Sections 5.1.4 and 5.2.3 of FutureGen’s permit application and the additional information
submitted in January 2014.

The following describes FutureGen’s planned monitoring well network for plume and pressure-
front monitoring (monitoring wells used for monitoring above the confining zone are described
above in the Ground Water Quality Monitoring section).

[Adapted from 1/17/2014 submission]
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The design to be used for plume and pressure-front tracking in the injection zone is as follows:

= Two single-level in-reservoir (SLR) wells (one of which is a reconfiguration of the
previously drilled stratigraphic well). These wells will be used to monitor within the
injection zone beyond the east and west ends of the horizontal CO,-injection laterals.
Monitored parameters: pressure, temperature, and hydrogeochemical indicators of CO..

= Two reservoir access tube (RAT) wells. These are fully cased wells, which allow access
for monitoring instrumentation in the reservoir via pulsed-neutron logging equipment.
The wells will not be perforated so as to avoid two-phase flow near the borehole, which
can distort the CO2 saturation measurements. Monitored parameters: quantification of
CO; saturation across the reservoir and caprock.

Details on these wells are given in Table 9 and a map of the well locations is shown in Figure 3.
Construction information has not yet been submitted.

Table 9. Monitoring wells to be used for plume and pressure-front monitoring.

Single-Level In-Reservoir (SLR)

Reservoir Access Tube (RAT)

Number of Wells

2

2

Total Depth (ft)

4,150

4,465

Lat/Long (decimal degrees)

39.800353, -90.088064;
39.806800, -90.052972

39.800339, -90.086269;
39.791164, -90.089003

Monitored Zone

Mount Simon Sandstone

Mount Simon Sandstone

Monitoring Instrumentation

Fiber-optic P/T (tubing conveyed)*
P/T/SpC probe in monitored interval**

Pulsed-neutron logging equipment

* Fiber-optic cable attached to the outside of the tubing string, in the annular space between the tubing and casing.
** The P/T/SpC (pressure, temperature, specific conductance) probe is an electronic downhole multi-parameter
probe incorporating sensors for measuring fluid P/T/SpC within the monitored interval. The probe is installed
inside tubing string, which is perforated (slotted) over the monitoring interval. Sensor signals are multiplexed to a
surface data logger through a single conductor wireline cable.
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Figure 3. Locations of SLR and RAT wells relative to FutureGen’s above-confining-zone monitoring wells,
injection wells, and predicted plume extent.

Direct Pressure Monitoring

FutureGen will conduct direct pressure-front monitoring to meet the requirements at 40 CFR
146.90(g)(1). The following information is drawn from Section 5.2.3 of FutureGen’s permit
application and the additional information submitted in January 2014.

[From Section 5.2.3.3: Pressure Monitoring]
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Continuous monitoring of injection zone pressure and temperature will be performed with
sensors installed in wells that are completed in the injection zone. Pressure and temperature
monitoring in the injection well and all monitoring wells will be performed using a real-time
monitoring system with surface readout capabilities so that pressure gauges do not have to be
removed from the well to retrieve data. Power for the injection well will be provided by a
dedicated line power supply. Power for all monitoring wells will be provided by a stand-alone
solar array with battery backup so that a dedicated power supply to these more distal locations is
not required.

The following measures will be taken to ensure that the pressure gauges are providing accurate
information on an ongoing basis:

» High-quality (high-accuracy, high-resolution) gauges with low drift characteristics will
be used.

» Gauge components (gauge, cable head, cable) will be manufactured of materials designed
to provide a long life expectancy for the anticipated downhole conditions.

» Upon acquisition, a calibration certificate will be obtained for every pressure gauge. The
calibration certificate will provide the manufacturer’s specifications for range, accuracy
(% full scale), resolution (% full scale), and drift (< psi per year) and calibration results
for each parameter. The calibration certificate will also provide the date that the gauge
was calibrated and the methods and standards used.

« Gauges will be installed above any packers so they can be removed if necessary for
recalibration by removing the tubing string. Redundant gauges may be run on the same
cable to provide confirmation of downhole pressure and temperature.

» Upon installation, all gauges will be tested to verify they are functioning
(reading/transmitting) correctly.

« Gauges will be pulled and recalibrated whenever a workover occurs that involves
removal of tubing. A new calibration certificate will be obtained whenever a gauge is
recalibrated.

[From 1/17/2014 submission]
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The injection wells will be completed with a string of 3.5 in.-OD tubing that extends from the
wellhead at the surface to near the top of the perforated interval. A tubing string that is 4,000 ft
long will extend approximately 11 ft below the top of the perforations. The tubing string will be
held in place at the bottom by a packer that is positioned just above the uppermost perforations
(approximate measured depth of 3,975 ft). An optical or electronic pressure-and-temperature
(P/T) gauge will be installed on the outside of the tubing string, approximately 30 ft above the
packer, and ported into the tubing to continuously measure CO; injection P/T inside the tubing at
this depth. In addition, injection P/T will also be continuously measured at the surface via real-
time P/T instruments installed in the CO, pipeline near the pipeline interface with the wellhead.
The surface instruments will be checked, and if necessary, re-calibrated or replaced on a regular
basis (e.g., semi-annually) to ensure they are providing accurate data. Because the surface
instruments can be more readily accessed and maintained than the bottom-hole gauge, they will
be used to control injection operations and trigger shutdowns.

[From the spreadsheet submitted 1/29/14]

Once the reservoir model has been updated with detailed site specific information from the
injection site, predictive simulations of pressure response will be generated for each single-level
reservoir monitoring well. These predicted responses will be compared to monitoring results
throughout the operational phase of the project and significant deviation in observed response
would result in further action, including a detailed evaluation of the observed response,
calibration/refinement of the numerical model, and possible modification to the monitoring
approach and/or storage site operations.

Direct pressure monitoring in the injection zone will take place as shown in Table 10.

Table 10. Monitoring schedule for direct pressure-front tracking.

M etoronce | Depth(syFormation(s) (Baseling (injection Phase)
Injection Well 1 Mt. Simon/4,030 ft. Continuous Continuous
Injection Well 2 Mt. Simon/4,030 ft. Continuous Continuous
Injection Well 3 Mt. Simon/4,030 ft. Continuous Continuous
Injection Well 4 Mt. Simon/4,030 ft. Continuous Continuous
mfss(igﬂlé\lf,ﬁ:Srqogr:ffg)ng Mt. Simon/4,150 ft. Continuous Continuous

Quality assurance and surveillance measures:

[from Section 5.8: Quality Assurance and Surveillance Plan]

Data quality assurance and surveillance protocols adopted by the project will be designed to
facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance
(QA) requirements for direct measurements within the injection zone, above the confining zone,
and within the shallow USDW aquifer that are critical to the MVA program (e.g., pressure and
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aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA
requirements for selected geophysical methods, which provide indirect measurements of CO,
nature and extent and are being tested for their applicability under site conditions, are not
addressed in this plan. These measurements will be performed based on best industry practices
and the QA protocols recommended by the geophysical services contractors selected to perform
the work.

FutureGen lacks detail in its description of quality assurance and surveillance protocols.
FutureGen should provide a more detailed Testing and Monitoring Plan containing this
information. [Request from FutureGen.]

Plan for guaranteeing access to all monitoring locations:
[From the spreadsheet submitted 1/29/14]

The location of these wells has been finalized, pending final signing of landowner agreements.
The land will either be purchased or leased for the life of the project, so access will be secured.

Direct Geochemical Plume Monitoring

FutureGen will conduct direct CO, plume monitoring to meet the requirements at 40 CFR
146.90(g)(1). The following information is drawn from Section 5.2.3 of FutureGen’s permit
application and the additional information submitted in January 2014.

Fluid samples will be collected from monitoring wells completed in the injection zone before,
during, and after CO, injection. The samples will be analyzed for chemical parameter changes that
are indicators of the presence of CO, and/or reactions caused by the presence of CO,. Direct fluid
sampling in the injection zone will take place as shown in Table 11.

Table 11. Monitoring schedule for direct geochemical plume monitoring.

Monitoring well name/location/map reference: Two SLR monitoring wells (see Figure 3)
Well depth/formation(s) sampled: Mt. Simon Sandstone (4,150 ft)

Frequency Frequency
Parameter/Analyte (Baseline) (Injection Phase)
Dissolved or separate-phase CO, At least 3 sampling events Quarterly for 3 years, then semi-annually

for 2 years and annually thereafter

Quarterly for 3 years, then semi-annually

Pressure At least 3 sampling events for 2 years and annually thereafter

Quarterly for 3 years, then semi-annually

Temperature At least 3 sampling events for 2 years and annually thereafter

Other parameters, including major cations
and anions, selected metals, general water-
quality parameters (pH, alkalinity, total At least 3 sampling events
dissolved solids, specific gravity), and any
tracers added to the CO, stream

Quarterly for 3 years, then semi-annually
for 2 years and annually thereafter
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Sampling methods:
[Adapted from Section 5.2.3.4: Aqueous Monitoring]

Periodically, fluid samples will be collected from the monitoring wells completed in the injection
zone. Fluid samples will be collected using an appropriate method to preserve the fluid sample at
injection zone temperature and pressure conditions. Examples of appropriate methods include
using a bomb-type sampler (e.g., Kuster sampler) after pumped or swabbed purging of the
sampling interval, using a Westbay sampler, or using a pressurized U-tube sampler (Freifeld et
al. 2005). These types of pressurized sampling methods are needed to collect the two-phase
fluids (i.e., aqueous and scCO; solutions) for measurement of the percent water and CO; present
at the monitoring location. Fluid samples will be analyzed for parameters that are indicators of
CO,, dissolution (Table 12), including major cations and anions, selected metals, general water-
quality parameters (pH, alkalinity, TDS, specific gravity), and any tracers added to the CO,
stream. Changes in major ion and trace element geochemistry are expected in the injection zone,
but the arrival of proposed fluorocarbon or sulfonate tracers (co-injected with the CO,) should
provide an improved early-detection capability, because these compounds can be detected at 3 to
5 orders of magnitude lower relative concentration. Analysis of carbon and oxygen isotopes in
injection zone fluids and the injection stream (***2C, 81°0) provides another potential
supplemental measure of CO, migration. Where stable isotopes are included as an analyte, data
quality and detectability will be reviewed throughout the active injection phase and discontinued
if these analyses provide limited benefit.

Sampling and analytical techniques for target parameters are given in Table 12 and Table 13,
respectively.

Note: Section 5.2.3.4 indicates that all parameters in Table 5.4 will be selected. However,
clarification is needed, especially because CO; is not specifically listed in Table 5.4. We will
update this table based on any further information submitted.

Table 12. Sampling Techniques for Target parameters for the injection zone (adapted from Table 5.4 of
FutureGen’s permit application).

Parameter Volume/Container Preservation Hg:g:gg

Major Cations: Al, Ba, Ca, Fe, | 20-mL plastic vial Filtered (0.45 um), HNO; to pH <2 60 days

K, Mg, Mn, Na, Si,

Trace Metals: Sh, As, Ba, Cd, 20-mL plastic vial Filtered (0.45 um), HNO; to pH <2 60 days

Cr, Cu, Pb, Hg, Se, Tl

Anions: CI', Br, F, SO, NOs, |20-mL plastic vial Cool 4°C 45 days

Gravimetric Total Dissolved 250-mL plastic vial | Filtered (0.45 um), no preservation Cool

Solids (TDS), compare to TDS 4°C

by calculation from major ions

Water Density 100 mL plastic vial Filtered (0.45 um), no preservation Cool |60 days
4°C

Alkalinity 100 mL HDPE Filtered (0.45 pm) Cool 4°C 5 days
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Parameter Volume/Container Preservation Hg:ﬂ(r;g
Dissolved Inorganic Carbon 20-mL plastic vial Cool 4°C 45 days
(DIC)
Total Organic Carbon (TOC) 40 mL glass unfiltered 14 days
Carbon Isotopes (**C, **C) 5-L HDPE pH >6 14 days
Water Isotopes (¥*H, ¥°0) 20-mL glass vial Cool 4°C 45 days
Radon (**Rn) 1.25-L PETE Pre-concentrate into 20-mL scintillation |1 day
cocktail. Maintain groundwater
temperature prior to pre-concentration
Naphthalene Sulfonate or 500 mL HDPE Filtered (0.45 pum), no preservation 60 days
Fluorinated Benzoic Acid
Tracers (aqueous phase)
Perfluorocarbon Tracer (PFT) 500 mL glass unfiltered, Cool 4°C 60 days
(scCO, or gas phase)
pH Field parameter None <lh
Specific Conductance Field parameter None <lh
Temperature Field parameter None <lh

HDPE = high-density polyethylene; PETE = polyethylene terephthalate

Table 13. Analytical requirements (adapted from Table 5.5 of FutureGen’s permit application).

Detection Limit

Typical Precision/

Parameter Analysis Method or Range Accuracy QC Requirements
Daily calibration;
Major Cations: Al, |ICP-OES, PNNL-AGG- 0.1to 1 mg/L blanks and duplicates
Ba, Ca, Fe, K, Mg, |ICP-AES (similar to EPA (analyte +10% and matrix spikes at
Mn, Na, Si, Method 6010B) dependent) 10% level per batch
of 20
Daily calibration;
Trace Metals: Sb, |ICP-MS, PNNL-AGG-415 1 ua/L for trace blanks and duplicates
As, Ba, Cd, Cr, Cu, | (similar to EPA Method eISrgT]]ents +10% and matrix spikes at
Pb, Hg, Se, Tl 6020) 10% level per batch
of 20
Daily calibration;
Anions: CI', Br', F, lon Chromatography, AGG- blanks and duplicates
2- ! 2" | 1C-001 (based on EPA +15%
S04, NO3, CO4 Method 300.0A) at 10% level per
' batch of 20
Gravimetric Method 0 Balance calibration,
DS Standard Methods 2540C 12 mg/L 5% triplicate samples
Water Density Standard Methods 227 0.0001 g/mL +0.0% Triplicate
measurements
Alkalinity Titration, standard methods 4 mg/L +3 mg/L Triplicate titrations

102
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Detection Limit

Typical Precision/

Parameter Analysis Method or Range Accuracy QC Requirements
Dissolved . -
Inorganic Carbon Ca}gbg_n anglyze:c, phosphoric 0.002% +10% ;’r!lpllca:gbana_mlyses,
(DIC) acid digestion of DIC aily calibration
. Carbon analyzer; total -
gg:ﬁ'ogr(gfgg carbon by 900°C pyrolysis | 0.002% +10% g;:f"g:}fbf;‘sgfes
minus DIC = TOC y
Carbon Isotopes ) +4%o for **C; .
dinog 13,12(:)"’ Accelerator MS 105 20.9% for 15C Triplicate analyses
IRMS: £1.0%o for
Water lsotones Water equilibration coupled ’H; +0.15%o for 1°0;
CH/H 18/16%) with IRMS ; Alternatively, |10 WS-CRDS: £0.10%o | Triplicate analyses
’ consider WS-CRDS for 2H; +£0.025%o for
180
Radon (**Rn) Liquid scintillation after 5 mBg/L +10% Triplicate analyses
pre-concentration
Naphthalene Liquid chromatography- 5 parts per . 0
Sulfonate or mass spectrometry (LC-MS) |trillion (5 x 10%%) | Varies with Eal#])“gte; 1r?if/(i)c3t1t
Benzoic Acid or gas chromatography with | or 10 parts per | conc.,+30% at ples, sig

Tracer (aqueous
phase)

electron capture detector
(ECD)

quadrillion (10 x
1015)

detection limit

number of blanks for
cross-contamination

Perfluorocarbon

Gas chromatography with

10 parts per

Varies with conc.,

Duplicates 10% of

Tracer (PFT) - 0 . samples, significant
(scCO2 or gas electron capture detector QU?SdI’I”IOH (10 x 1_30_/0 at detection number of blanks for
(ECD) 10™) limit o
phase) cross-contamination
. User calibrate, follow
pH pH electrode 2 to 12 pH units 10'2. pI-_| un_lt manufacturer
For indication only .
recommendations
. . User calibrate, follow
0 L
Specific Electrode 0 to 100 mS/cm il/‘? Of. reagmg manufacturer
conductance For indication only .
recommendations
o +0.2°C _
Temperature Thermocouple 5to 50°C Factory calibration

For indication only

ICP = inductively coupled plasma; IRMS = isotope ratio mass spectrometry; MS = mass spectrometry;
OES = optical emission spectrometry; WS-CRDS = wavelength scanned cavity ring-down spectroscopy

Laboratory to be used/ chain of custody procedures:

[Not specified.]

Quality assurance and surveillance measures:
[from Section 5.8: Quality Assurance and Surveillance Plan]

Data quality assurance and surveillance protocols adopted by the project will be designed to
facilitate compliance with the requirements specified in 40 CFR 146.90(k). Quality Assurance
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(QA) requirements for direct measurements within the injection zone, above the confining zone,
and within the shallow USDW aquifer that are critical to the MVVA program (e.g., pressure and
aqueous concentration measurements) are covered in Sections 5.2.2 and 5.2.3 above. QA
requirements for selected geophysical methods, which provide indirect measurements of CO,
nature and extent and are being tested for their applicability under site conditions, are not
addressed in this plan. These measurements will be performed based on best industry practices
and the QA protocols recommended by the geophysical services contractors selected to perform
the work.

FutureGen lacks detail in its description of quality assurance and surveillance protocols.
FutureGen should provide a more detailed Testing and Monitoring Plan containing this
information. [Request from FutureGen.]

Plan for guaranteeing access to all monitoring locations:
[From the spreadsheet submitted 1/29/14]

The location of these wells has been finalized, pending final signing of landowner agreements.
The land will either be purchased or leased for the life of the project, so access will be secured.

Indirect Carbon Dioxide Plume and Pressure Front Tracking

FutureGen will conduct indirect plume and pressure-front monitoring to meet the requirements at
40 CFR 146.90(g)(2). The following information is drawn from Section 5.2.3 of FutureGen’s
permit application and the additional information submitted in January 2014.

Note: Full evaluation of FutureGen’s plume and pressure-front monitoring program will need to
take place in conjunction with evaluation of the final AoR modeling submissions. Based on the
modeling efforts, FutureGen should provide predicted values over time at each well or
monitoring site and describe how the monitoring data will be compared to these results.

FutureGen should also provide details about the planned areal extent/resolution of the
geophysical methods. [Request from FutureGen.]

[From November 2013 response]

The screening of the indirect monitoring approaches was conducted as part of the Front End
Engineering Design process. The selected indirect technologies will include the following:

e pulsed neutron capture logging or determination of reservoir CO, saturation
e integrated deformation monitoring
e time-lapse gravity

e microseismic monitoring
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The schedule for these monitoring techniques is given in Table 14.

Table 14. Monitoring schedule for indirect plume and pressure-front monitoring.

L . . Frequency Frequency

Monitoring Technique Location (Baseline) (Injection Phase)

Pulsed neutron capture logging |RAT Wells 1 and 2 3 events Quarterly for 5 years
and annually thereafter
Integratt_ed deformation 5 locations (see Figure 4 below) | 1 year min. Continuous
monitoring
Time-lapse gravity monitoring |46 locations (see Figure 5 below) | 3 events Annually
Surface measurements (see

Passive seismic monitoring Figure 4 below) plus downhole 1 vear min Continuous
(microseismicity) sensor arrays at ACZ Wells 1 y '

and 2

[Adapted from the spreadsheet submitted 1/29/14]
Pulsed neutron capture logging

Once the reservoir model has been refined based on site specific information from the injection
site, predictive simulations of CO, arrival response will be generated for each RAT installation.
These predicted responses will be compared to monitoring results throughout the operational
phase of the project and significant deviation in observed response would result in further action,
including a detailed evaluation of the observed response, calibration/refinement of the numerical
model, and possible modification to the monitoring approach and/or storage site operations.

Integrated deformation monitoring

Integrated deformation monitoring integrates ground data from permanent GPS stations,
tiltmeters, supplemented with annual DGPS surveys, and larger-scale Differential Interferometric
Synthetic Aperture Radar (DInSAR) surveys to detect and map temporal ground-surface
deformation. These data reflect the dynamic geomechanical behavior of the subsurface in
response to CO, injection. These measurements will provide useful information on the evolution
and symmetry of the pressure front. These results will be compared with model predictions
throughout the operational phase of the project and significant deviation in observed response
would result in further action, including a detailed evaluation of the observed response,
calibration/refinement of the numerical model, and possible modification to the monitoring
approach and/or storage site operations.

Integrated deformation monitoring will take place at the locations shown in Figure 4.
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Figure 4. Collocated Microseismic and Integrated Surface Deformation Monitoring Stations.

Time-lapse gravity monitoring

The objective of gravity monitoring is to observe changes in density distribution in the
subsurface, caused by the migration of fluids; estimate the areal extent of the CO, plume. This
technology has been successfully applied to a variety of subsurface injection studies, including
carbon sequestration at Sleipner (Arts et al. 2008); aquifer recharge studies in Utah and

Testing and Monitoring Plan for FutureGen Alliance
Preliminary draft — do not distribute







elsewhere (Chapman et al. 2008; Davis and Batzle 2008); and to hydrocarbon waterflood
surveillance in Alaska (Ferguson et al. 2007).

Gravity changes at the surface are expected to be small but analysis of long-term trends may
allow for tracking of the CO, plume. The cost of implementing this technology is the lowest of
all methods considered and can be combined with Differential Global Positioning System
(DGPS) surveys conducted as part of the integrated surface deformation monitoring to further
reduce costs.

Gravity anomalies associated with CO, injection are expected to be quite small, but by averaging
many measurements, meaningful signal may be observed. In addition, information obtained
from annual time-lapse gravity surveys will be used to help guide the adaptive monitoring
strategy. This method requires no permanent infrastructure to implement.

A map of the proposed gravity stations is provided in Figure 5. The gravity data are
supplemental data for comparison with other monitoring methodologies. No trigger levels will be
defined.

Legend
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Figure 5. Location of Permanent Gravity and Supplemental DGPS Stations.
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Locations for the permanent gravity stations must be identified with Lat/Long coordinates.
These coordinates can be tabulated and attached to the end of the testing and monitoring plan
template.

Passive seismic monitoring (microseismicity)

Note: Some of this information may need to be included in the Emergency and Remedial
Response Plan instead of or in addition to this Testing and Monitoring Plan.

The objective of the microseismic monitoring network (Figure 4; downhole arrays will also be
installed at the two ACZ wells) is to accurately determine the locations, magnitudes, and focal
mechanisms of injection-induced seismic events with the primary goals of: 1) addressing public
and stakeholder concerns related to induced seismicity, 2) estimating the spatial extent of the
pressure front from the distribution of seismic events, and 3) identifying features that may
indicate areas of caprock failure and possible containment loss. Once a seismic event has been
identified, a decision must be made regarding the level of impact a given event could have on
storage site operations, whether a response is required, and if yes, what the response will be.
This decision and response framework will consist of an automated event location and
magnitude determination, followed by an alert for a technical review in order to reduce the
likelihood of false positives. Identification of events with sufficient magnitude or that are located
in a sensitive area (caprock) will be used as input for decisions that guide the adaptive strategy.
Seismic events that affect the operations of CO, injection can be divided into two groups/tiers:
1) events that create felt seismicity at the surface and may lead to public concern or structural
damage, and 2) events not included in group one, but that might indicate failure or impending
failure of the caprock. The operational protocol for responding to events in group one (Tier I)
will follow a “traffic light” approach (modified after Zoback 2012; National Research Council
2012) that uses three operational states:

1. Green: Continue normal operations unless injection-related seismicity is observed with
magnitudes greater than M=2.

2. Yellow: Injection-related seismic events are observed with magnitude 2 < M< 4. The
injection rate will be slowed and the relationship between rate and seismicity will be
studied to guide mitigation procedures, including reduced operational flow rates.

3. Red: Magnitude 4 or greater seismic events are observed. Injection operations will stop
and an evaluation will be performed to determine the source and cause of the ground
motion.

Tier 11 operational responses to an event or collection of events that indicate possible failure of
the primary confining zone may include initiation of supplemental adaptive monitoring activities,
injection rate reduction in one or more injection laterals, or pressure reduction using brine
extraction wells.
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The UIC Program Director will not require monitoring under 146.90(h). The paragraphs and
Table 15, identified under “Surface Air and/or Soil Gas Monitoring”, can be deleted.

Surface Air and/or Soil Gas Monitoring (if required by the UIC Program Director)

Future Gen is considering certain activities for surface air/and soil gas monitoring, as well as
other types of monitoring, which are described in Section 5. It is not known at this time if EPA
will require this type of monitoring.

This section may be deleted or revised, pending Region 5’s decision to require surface air/and
soil gas monitoring. (Note: They aren’t planning on doing surface monitoring unless there is a
leak or EPA requires it. If it’s the former, this may belong in the Emergency and Remedial
Response Plan, if not already there.)

[From Section 5.0: Testing and Monitoring Plan]

Additional surface or near-surface monitoring approaches that may be implemented include
shallow groundwater monitoring, soil-gas monitoring, atmospheric monitoring, and ecological
monitoring. If implemented, the associated networks of shallow monitoring locations will be
designed to provide 1) a thorough assessment of baseline conditions at the site and 2) spatially
distributed monitoring locations that can be routinely sampled throughout the life of the project.
The need for surface-monitoring approaches will be continually evaluated throughout the design
and operational phases of the project, and may be discontinued if deemed unnecessary for the
MVA assessment. Given our current conceptual understanding of the subsurface environment,
early and appreciable impacts on near-surface environments are not expected, and thus extensive
networks of USDW aquifer, surface-water, soil-gas, and atmospheric monitoring stations are not
warranted. Any implemented surface-monitoring networks would be optimized to provide good
areal coverage while also focusing on areas of higher leak potential (e.g., near the injection wells
or other abandoned well locations). If deep early-detection monitoring locations indicate that a
primary confining zone containment loss has occurred, a comprehensive near-surface-monitoring
program could be implemented to fully assess environmental impacts relative to baseline
conditions.

Sampling methods: [Not planned unless required.]

Analytical techniques: [Potential methods in table below.]

Table 15. Potential techniques for near-surface monitoring (from Table 5.2 of FutureGen’s permit
application).

Monitoring Monitoring

Category Method Description
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Monitoring Monitoring Description
Category Method P
Soil-Gas Shallow soil-gas Soil-gas collector chambers and/or standard soil-gas sampling points will
Monitoring monitoring be used to monitor the concentration of CO2 and other non-condensable

gases (e.g., N, O) in shallow soils.

Tracer and isotopic
signature monitoring

Soil-gas sampling for carbon and oxygen isotopic signature and/or tracer
compounds injected along with the CO2 to improve leak-detection
capabilities.

Atmospheric

Fixed-point CO2 and

Continuous CO2 measurement at fixed location, with routine sampling for

Monitoring tracer monitoring CO2 and tracer gas concentrations. Tracer gases will provide improved
leak-detection capability.
Mobile CO2 and Periodic measurements of CO2 and tracer gas using a mobile, real-time
tracer monitoring instrument, near injection/monitoring wells and along transects spanning
the AoR.
Weather Station (at | Measurements of air temperature, relative humidity, precipitation,
two fixed-point barometric pressure, solar radiation, soil moisture, and soil temperature.
locations
Ecological Baseline ecological | Pre-operational monitoring and characterization to establish baseline
Monitoring survey conditions for comparisons with operational monitoring results.

Continuous surface-
water monitoring

Continuous measurement of pH, temperature, electrical conductivity, and
dissolved oxygen content of nearby surface waters.

Remotely sensed data
for vegetation
condition assessment

Satellite imagery used to characterize vegetation conditions and detect
subtle changes in normal plant growth processes and relative vegetation
stress.

Laboratory to be used/ chain of custody procedures: [Not planned unless required.]

Quality assurance and surveillance measures: [Not planned unless required.]

Plan for guaranteeing access to all monitoring locations: [Not planned unless required.]

Additional Monitoring (if required by the UIC Program Director)

Future Gen is considering additional monitoring, which are described in Section 5 of the permit
application and presented in the Surface Air and/or Soil Gas Monitoring section of this checklist
above. It is not known at this time if EPA will require additional monitoring.

Attachments

Map showing monitoring well locations; boundary of geophysical survey areas

Monitoring well schematics
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Questions for permit applicant: 


The Class VI rule requires, under certain circumstances, that Class VI owners or operators immediately cease injection.  However, recognizing that there may be circumstances where immediately ceasing injection could create other problems for the site or project, a gradual shut-in over a number of hours or days (site-specific) may be more appropriate.  


For purposes of constructing a robust permit, it is imperative that we review and approve the shutdown/shut-in procedures and protocol. 


· Under what circumstances or conditions do you plan to immediately cease injection?


· Please list the anticipated conditions. 


· Under what conditions would you gradually reduce rate/volume (over a matter of days or hours)?  


· Please list the anticipated conditions. 


· Over what time frame would you shut down the well during a gradual shut down?  


· Please describe the process in a step-wise manner.  





The information you provide will be included in the permit in one or more of the project plans.  





Note: If you believe that you have already submitted this information, please identify what submittal you believe covers these questions and we will refer to them and follow up with any additional clarifying questions.  




MAIN


			INTRODUCTION


			This file is intended to summarize FutureGen's testing and monitoring strategy to comply with the Class VI requirements under: 
- 40 CFR 146.90(d) for geochemical monitoring above the confining zone; and  
- 40 CFR 146.90(g) for plume and pressure front monitoring. 

The information presented in the following tabs for these monitoring strategies is compiled from the permit application revision dated May 2013 and subsequent communications in November and December 2013 and in January 2014. Copies of submitted information are also presented in the "Submissions" tab for reference purposes. 

Note: This version of the table does not include questions/recommendations for the permit applicant. These are summarized in the text of the Testing and Monitoring Plan and PISC and Site Closure Plan files.
































































































ACZ - Inj


						GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Injection Phase





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)


						Ground Water Monitoring Above Confining Zone 
[40 CFR 146.90(d)]			Surficial aquifers			Fluid sampling (incl. pressure, temperature, geochemical parameters)			Local landowner wells			10 point locations, depths 17-49 ft			3 events minimum			None (unless conditions warrant)			None (unless conditions warrant)			None (unless conditions warrant)


															Project-installed well			1 point location, depth 23 ft


									St. Peter			Fluid sampling (incl. pressure, temperature, geochemical parameters)			Lowermost USDW monitoring well			1 point location, approx. depth 2000 ft			3 events minimum			Quarterly			Semi-annually			Annually


									Ironton			Fluid sampling (incl. pressure, temperature, geochemical parameters)			ACZ early-detection monitoring wells
			2 point locations, approx. depth 3470 ft			3 events minimum			Quarterly			Semi-annually			Annually











ACZ - PISC


						GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Post-Injection Phase








						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC


						Ground Water Monitoring Above Confining Zone 
[40 CFR 146.90(d)]			Surficial aquifers			Fluid sampling (incl. pressure, temperature, geochemical parameters)			Local landowner wells			10 point locations, depths 17-49 ft			Every 5 years


															Project-installed well			1 point location, depth 23 ft


									St. Peter			Fluid sampling (incl. pressure, temperature, geochemical parameters)			Lowermost USDW monitoring well			1 point location, depth 2000 ft			Every 5 years


									Ironton			Fluid sampling (incl. pressure, temperature, geochemical parameters)			ACZ early-detection monitoring wells
			2 point locations, depth 3470 ft			Every 5 years








Plume - Inj


						PLUME MONITORING - Injection Phase








						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)


						Plume Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Fluid sampling			Single-level montoring wells			2 point locations, approx. depth 4150 ft			3 events			Quarterly			Semi-annually			Annually


						Plume Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			VSP survey			ACZ and/or RAT wells			Anticipated areal extent/ resolution not specified			Once			None			None			None


												Pulsed neutron capture logging			RAT wells			2 point locations,  logging across reservoir and caprock			3 events			Quarterly			Quarterly			Annually


												Integrated deformation monitoring			Microseismic monitoring stations			5 monitoring stations (surface measurements)			1 year min.			Continuous			Continuous			Continuous


												Time-lapse gravity			Gravity monitoring stations			46 monitoring stations (surface measurements)			3 events			Annual			Annual			Annual


												Microseismic monitoring			Microseismic monitoring stations and ACZ wells			5 monitoring stations plus downhole arrays at ACZ wells; anticipated areal extent/ resolution not specified			1 year min.			Continuous			Continuous			Continuous








Plume - PISC


						PLUME MONITORING - Post-Injection Phase








						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC


						Plume Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Fluid sampling			Single-level montoring wells			2 point locations, approx. depth 4150 ft			Every 5 years


						Plume Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			Pulsed neutron capture logging or determination of reservoir CO2 saturation			RAT wells			2 point locations,  logging across reservoir and caprock			None


												Integrated deformation monitoring			Microseismic monitoring stations			5 monitoring stations; Anticipated areal extent/ resolution not specified			Continuous


												Microseismic monitoring			Microseismic monitoring stations and ACZ wells			5 monitoring stations plus downhole arrays at ACZ wells; anticipated areal extent/ resolution not specified			Continuous








Pressure Front - Inj


						PRESSURE-FRONT MONITORING - Injection Phase





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Pressure and temperature monitoring			Single-level montoring wells			2 point locations, approx. depth 4150 ft			Continuous			Continuous			Continuous			Continuous


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			Integrated deformation monitoring			Microseismic monitoring stations			5 monitoring stations (surface measurements)			1 year minimum			Continuous			Continuous			Continuous








Pressure Front - PISC


						PRESSURE-FRONT MONITORING - Post-Injection Phase








						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Pressure and temperature monitoring			Single-level montoring wells			2 point locations, approx. depth 4150 ft			Continuous


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			Integrated deformation monitoring			Microseismic monitoring stations			5 monitoring stations (surface measurements)			Continuous








Submissions


			(Scroll down for more recent submissions.)


			Table 5.3 from FutureGen's May 2013 Permit Application Revision:





			Update on indirect monitoring methods from November 2013 communication:


			Materials submitted in January 2014:


						Surficial aquifer detail:																											Private water supply wells:


						Monitoring well location detail:


									Figure 2. Updated and revised plan for monitoring wells:


						Collocated Microseismic and Integrated Surface Deformation Monitoring Stations:


						Time Lapse Gravity:
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The most recent monitoring well design includes five deep monitoring wells and two RAT wells as listed in Table 1.



Table 1.  Planned Monitoring Wells within the FutureGen Site Network



				



				Single-Level In-Reservoir (SLR)



				Above Confining Zone (ACZ)



				USDW



				Reservoir Access Tube (RAT)







				# of Wells



				2



				2



				1



				2







				Total Depth (ft)



				4,150



				3,470



				2,000



				4,465







				Monitored Zone



				Mount Simon SS



				Ironton SS



				St. Peter SS



				Mount Simon SS







				Monitoring Instrumentation



				Fiber-optic P/T (tubing conveyed)b; P/T/SpC probe in monitored interval(a)



				Fiber-optic (microseismic) cable cemented in annulus; P/T/SpC probe in monitored interval(a)



				P/T/SpC probe in monitored interval(a)



				Pulsed-neutron logging equipment







				1. The P/T/SpC (pressure, temperature, specific conductance) probe is an electronic downhole multi-parameter probe incorporating sensors for measuring fluid P/T/SpC within the monitored interval.  The probe is installed inside tubing string, which is perforated (slotted) over the monitoring interval.  Sensor signals are multiplexed to a surface data logger through a single conductor wireline cable.



1. Fiber-optic cable attached to the outside of the tubing string, in the annular space between the tubing and casing.



SS = sandstone.
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The most recent monitoring well design includes five deep monitoring wells and two RAT wells as  listed in Table 1.   Table  1 .  Planned Monitoring Wells w ithin   the FutureGen Site Network  



 Single - Level In - Reservoir (SLR)  Above Confining Zone  (ACZ)  USDW  Reservoir Access  Tube (RAT)  



# of Wells  2  2  1  2  



Total Depth (ft)  4,150  3,470  2,000  4,465  



Monitored Zone  Mount Simon SS  Ironton SS  St. Peter SS  Mount Simon SS  



Monitoring  Instrumentation  Fiber - optic P/T  (tubing conveyed) b ;  P/T/SpC probe in  monitored interval (a)  Fiber - optic  (microseismic) cable  cemented in annulus;  P/T/SpC probe in  monitored interval (a)  P/T/SpC  probe in  monitored  interval (a)  P ulsed - neutron  logging   equipment  



(a)   The P/T/SpC  (pressure, temperature, specific conductance)  probe is an electronic downhole multi - parameter probe incorporating sensors for measuring fluid  P/T/SpC   within the monitored interval.   The p robe  is  installed inside tubing string ,   which is perforated (slotted) over the monitoring  interval.  Sensor signals  are  multiplexed to  a  surface data logger through a single conductor wireline  cable.   (b)   Fiber - optic cable attached to the outside of the tubing string, in the annular space between th e  tubing and casing.   SS = sandstone.  
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Objective.  Observe changes in density distribution in the subsurface, caused by the migration of fluids; estimate the areal extent of the CO2 plume.



Limitations and Difficulties.  Sensitivity is lost with depth; there may be site-specific limitations.  The solution is non-unique and is most useful when combined with other methods such as integrated surface deformation and seismic.  Few implementation difficulties; requires placement of permanent station monuments and repeat accessibility.



Use at Other Sites.  This technology has been successfully applied to a variety of subsurface injection studies, including carbon sequestration at Sleipner (Arts et al. 2008); aquifer recharge studies in Utah and elsewhere (Chapman et al. 2008; Davis and Batzle 2008); and to hydrocarbon waterflood surveillance in Alaska (Ferguson et al. 2007).



Analysis.  Gravity changes at the surface are expected to be small but analysis of long-term trends may allow for tracking of the CO2 plume.  The cost of implementing this technology is the lowest of all methods considered and can be combined with Differential Global Positioning System (DGPS) surveys conducted as part of the integrated surface deformation monitoring to further reduce costs.



Conclusions.  Gravity anomalies associated with CO2 injection are expected to be quite small, but by averaging many measurements, meaningful signal may be observed.  In addition, information obtained from annual time-lapse gravity surveys will be used to help guide the adaptive monitoring strategy.  This method requires no permanent infrastructure to implement.  A map of the proposed gravity stations is provided in Figure 1.



[image: ]



[bookmark: _Ref375059456][bookmark: _Toc375300746]Figure.1.  Location of Permanent Gravity and Supplemental DGPS Stations
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Objective .  O bserve changes in density distribution in the subsurface, caused by the migration of  fluids; estimat e   the areal extent of the CO 2  plume.   Limitations and Difficulties .    Sensitivity is lost with depth ;   there may be site - specific limitations.   The solution is non - unique and is most useful when combined with other methods such as integrated  surface deformation and seismic.  Few implementation difficulties ; requires placeme nt of permanent  station monuments and repeat accessibility.   Use at Other Sites .  This technology has been successfully applied to a variety of subsurface  injection studies, including carbon sequestration at Sleipner (Arts et al. 2008); aquifer recharge stu dies  in Utah and elsewhere (Chapman et al. 2008; Davis and Batzle 2008); and to hydrocarbon waterflood  surveillance in Alaska ( Ferguson et al. 2007) .   Analysis .  Gravity changes at the surface are expected to be small but analysis of long - term trends  may al low for tracking of the CO 2   plume.  The cost of implementing this technology is the lowest of  all methods considered and can be combined with Differential Global Positioning System (DGPS)  surveys conducted as part of the integrated surface deformation moni toring to further reduce costs.   Conclusions .   G ravity anomalies associated with CO 2   injection are expected to be quite small, but  by averaging many measurements, meaningful signal may be observed.    In addition, information  obtained from annual time - lapse g ravity surveys will be used to help guide the adaptive monitoring  strategy.  This method requires no permanent infrastructure to implement.  A map of the proposed  gravity stations is  provided   in   Figure   1.     Figure. 1 .   Location   of Permanent Gravity and Supplemental DGPS Stations  
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				Well ID



				Status



				Well Depth (ft)



				Stick Up (ft) 



				Adjust-ed Depth (ft)



				Land Surface Elev-ation (ft AMSL)



				Depth to Water (ft)



				Water Depth in well (ft)



				Water Elev-ation      (ft AMSL)



				Diameter (ft)



				Construc-tion



				Age (years)







				FGP-1



				domestic



				30.9



				1.00



				29.90



				630



				19.02



				18.02



				612



				5.0



				brick lined



				~100 







				FGP-2



				domestic



				--



				--



				--



				641



				--



				--



				--



				Unknown



				unknown



				unknown







				FGP-3



				domestic



				40.0



				0.90



				30.10



				630



				21.37



				11.47



				618



				5.0



				unknown



				~100 







				FGP-4



				inactive



				28.5



				0.50



				28.00



				627



				9.40



				8.90



				618



				3.0



				brick lined



				unknown







				FGP-5



				livestock



				35.1



				1.60



				33.50



				607



				10.12



				8.52



				598



				3.0



				unknown



				~60







				FGP-6



				inactive



				34.5



				0.30



				34.20



				620



				13.04



				12.74



				607



				3.0



				cast concrete



				unknown







				FGP-7



				inactive



				49.0



				2.20



				46.80



				614



				13.39



				11.19



				603



				0.7



				steel



				unknown







				FGP-8



				livestock



				17.45



				1.30



				16.15



				614



				6.34



				5.04



				609



				4.0



				brick lined



				unknown







				FGP-9



				inactive



				22.3



				1.60



				20.70



				630



				16.34



				14.74



				615



				5.0



				brick lined



				~100 







				FGP-10



				inactive



				37.1



				0.40



				36.70



				614



				15.80



				15.40



				599



				4.0



				cast concrete



				unknown







				FG-1



				NA



				23.0



				2.05



				20.95



				635



				10.16



				8.11



				627



				0.17



				PVC



				new
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Well   ID  Status  Well  Depth   (f t)  Stick  Up   (ft)   Adjust - ed  Depth  (ft)  Land  Surface  Elev - ation   (ft  AMSL)  Depth  to  Water   (ft)  Water  Depth   in well  (ft)  Water  Elev - ation        (ft  AMSL)  Diameter   (ft)  Construc - tion  Age   (years)  



FGP - 1  domestic  30.9  1.00  29.90  630  19.02  18.02  612  5.0  brick lined  ~100   



FGP - 2  domestic  --  --  --  641  --  --  --  Unknown  unknown  unknown  



FGP - 3  domestic  40.0  0.90  30.10  630  21.37  11.47  618  5.0  unknown  ~100   



FGP - 4  inactive  28.5  0.50  28.00  627  9.40  8.90  618  3.0  brick lined  unknown  



FGP - 5  livestock  35.1  1.60  33.50  607  10.12  8.52  598  3.0  unknown  ~60  



FGP - 6  inactive  34.5  0.30  34.20  620  13.04  12.74  607  3.0  cast  concrete  unknown  



FGP - 7  inactive  49.0  2.20  46.80  614  13.39  11.19  603  0.7  steel  unknown  



FGP - 8  livestock  17.45  1.30  16.15  614  6.34  5.04  609  4.0  brick lined  unknown  



FGP - 9  inactive  22.3  1.60  20.70  630  16.34  14.74  615  5.0  brick lined  ~100   



FGP - 10  inactive  37.1  0.40  36.70  614  15.80  15.40  599  4.0  cast  concrete  unknown  



FG - 1  NA  23.0  2.05  20.95  635  10.16  8.11  627  0.17  PVC  new  
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Location of Monitoring Wells



The monitoring well network (Figure 1) has been updated in accordance with discussion in the UIC application supporting documentation.   



Chapter 5 of the UIC Supporting Documentation, Section 5.1, p. 5.2:  The monitoring network design was developed based on the current conceptual understanding of the Morgan County CO2 storage site and was used to guide development of the testing and monitoring approaches described in Section 5.2.  The technical approaches described in Section 5.2 should be considered working versions that over time will be updated and modified as required in response to changes in the site conceptual model and/or operational parameters.



The objective of the monitoring program is to select and implement a suite of monitoring technologies that are both technically robust and cost-effective and provide an effective means of 1) evaluating CO2 mass balance and 2) detecting any unforeseen containment loss.  



The application proposed two single-level in-reservoir (SLR) wells, one above confining zone (ACZ) well, one underground source of drinking water (USDW) well, and a one multi-level in-reservoir (MLR) well within the injection reservoir for a total of five monitoring wells.



As part of the project’s design optimization, the monitoring well network design has been revised (Figure 2) to increase its effectiveness, simplify its engineering design, and hopefully eliminate any permitting challenges that might have been associated with the MLR.  The revisions include eliminating the MLR well in favor of adding two fully cased reservoir access tube (RAT) wells.  The revised design includes a total of seven monitoring wells summarized in Table 1 and as follows:







· Two ACZ wells



These wells will be used to monitor immediately above the Eau Claire caprock in the Ironton Sandstone.  Monitored Parameters:  pressure, temperature, and hydrogeochemical indicators of CO2. 



· Two SLR wells (one of which is a reconfiguration of the previously drilled stratigraphic well)



These wells will be used to monitor within the injection zone beyond the east and west ends of the horizontal CO2-injection laterals.  Monitored Parameters:  pressure, temperature, and hydrogeochemical indicators of CO2.



· Two RAT wells



These are fully cased wells, which allow access for monitoring instrumentation in the reservoir via pulsed-neutron logging equipment.  The wells will not be perforated so as to avoid two-phase flow near the borehole, which can distort the CO2 saturation measurements.  Monitored Parameters:  quantification of CO2 saturation across the reservoir and caprock.



· One USDW well



This well will be used to monitor the lowermost USDW (St. Peter Sandstone).  Monitored Parameters:  pressure, temperature, and hydrogeochemical indicators of CO2.



Note that the specific geographic coordinates of each well remain “proposed” because the project is in the process of finalizing legal agreements with surface landowners.  Also, we believe this proposed network should substantially exceed the intent of the regulations.  Thus, we respectfully ask that only those wells required to meet the minimum permit requirements be included in the permit as prerequisite permit conditions.



[image: https://spteams1.pnnl.gov/sites/FG-Phase2/Siting_NEPA_Permitting/3.0%20Subsurface%20Permitting/EPA%20COMMENT%20RESOLUTION%20and%20INTERNAL%20FIXES%20-%20March%202013%20UIC%20Permit/2013-DCL-6PlumesMonWells-001_05-10.png]



Figure 1.	Monitoring Well Network as Presented in Testing and Monitoring Plan (Chapter 5.0) of the UIC Permit Supporting Documentation as Submitted in May 2013
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Figure 2.  Updated and Revised Plan for Monitoring Wells.








The most recent monitoring well design includes five deep monitoring wells and two RAT wells as listed in Table 1.



Table 1.  Planned Monitoring Wells within the FutureGen Site Network



				



				Single-Level In-Reservoir (SLR)



				Above Confining Zone (ACZ)



				USDW



				Reservoir Access Tube (RAT)







				# of Wells



				2



				2



				1



				2







				Total Depth (ft)



				4,150



				3,470



				2,000



				4,465







				Monitored Zone



				Mount Simon SS



				Ironton SS



				St. Peter SS



				Mount Simon SS







				Monitoring Instrumentation



				Fiber-optic P/T (tubing conveyed)b; P/T/SpC probe in monitored interval(a)



				Fiber-optic (microseismic) cable cemented in annulus; P/T/SpC probe in monitored interval(a)



				P/T/SpC probe in monitored interval(a)



				Pulsed-neutron logging equipment







				1. The P/T/SpC (pressure, temperature, specific conductance) probe is an electronic downhole multi-parameter probe incorporating sensors for measuring fluid P/T/SpC within the monitored interval.  The probe is installed inside tubing string, which is perforated (slotted) over the monitoring interval.  Sensor signals are multiplexed to a surface data logger through a single conductor wireline cable.



1. Fiber-optic cable attached to the outside of the tubing string, in the annular space between the tubing and casing.



SS = sandstone.
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Location of Monitoring Wells   The monitoring well network (Figure 1) has  been updated   in accordance with discussion in the UIC  application supporting documentation.       Chapter 5  of the  UIC Supporting Documentation , S ection 5.1, p. 5.2 :     The monitoring  network design was developed based on the current conceptual understanding of  the Morgan County CO 2   storage site and was used to guide development of the  testing and monitoring approaches d escribed in Section 5.2.  The technical  approaches described in Section 5.2 should be considered working versions that over  time will be updated and modified as required in response to changes in the site  conceptual model and/or operational parameters.   The   objective of the monitoring program is to select and implement a suite of monitoring  technologies that are both technically robust and cost - effective and provide an effective means of 1)  evaluating CO 2   mass balance and 2) detecting any unforeseen containm ent loss.     The application proposed two single - level in - reservoir (SLR) wells, one above confining zone (ACZ)  well, one underground source of drinking water (USDW) well, and a one multi - level in - reservoir  (MLR) well within the injection reservoir for a to tal of five monitoring wells.   As part of the project’s design optimization ,   the monitoring well network design has been revised  (Figure 2) to increase its effectiveness, simplify its engineering design, and hopefully eliminate any  permitting challenges tha t might have been associated with the MLR.    The revisions include   eliminating the MLR well in favor of adding   two fully cased reservoir access tube (RAT) wells.     The  revised design includes a total of seven monitoring wells  summarized in Table 1 and  as fol lows:        Two ACZ wells   These wells will be used to monitor immediately above the Eau Claire caprock in the Ironton  Sandstone.     Monitored Parameters:     pressure, temperature, and hydrogeochemical indicators  of CO 2 .       Two SLR wells   (one of which is a reconfiguration of the previously drilled stratigraphic well)   These wells will be used to monitor within the injection zone beyond the east and west ends of  the horizontal CO 2 - injection laterals.     Monitored Parameters:     pressure, temper ature, and  hydrogeochemical indicators of CO 2 .      Two RAT wells   These are fully cased wells, which allow access for monitoring instrumentation in the reservoir  via pulsed - neutron logging equipment.     The wells will not be perforated so as to avoid two - phase fl ow near the borehole, which can distort the CO 2   saturation measurements.     Monitored  Parameters:     quantification of CO 2   saturation across the reservoir and caprock.      One USDW well   This well will be used to monitor the lowermost USDW (St. Peter Sandstone).     Monitored  Parameters:    pressure, temperature, and hydrogeochemical indicators of CO 2 .  
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Note that the specific geographic coordinates of each well remain “proposed” because the project is in the process of finalizing legal agreements with surface landowners.  Also, we believe this proposed network should substantially exceed the intent of the regulations.  Thus, we respectfully ask that only those wells required to meet the minimum permit requirements be included in the permit as prerequisite permit conditions.



[image: https://spteams1.pnnl.gov/sites/FG-Phase2/Siting_NEPA_Permitting/3.0%20Subsurface%20Permitting/EPA%20COMMENT%20RESOLUTION%20and%20INTERNAL%20FIXES%20-%20March%202013%20UIC%20Permit/2013-DCL-6PlumesMonWells-001_05-10.png]



Figure 1.	Monitoring Well Network as Presented in Testing and Monitoring Plan (Chapter 5.0) of the UIC Permit Supporting Documentation as Submitted in May 2013
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Note that the specific geographic coordinates of each well remain “proposed”  because   the project is  in the process of finalizing legal agreements with surface landowners.  Also, we believe this proposed  network should substantially exceed the intent of the regulations.  Thus, we respectfully ask that only  those wells required to meet the  minimum permit requirements be included in the permit as  prerequisite permit conditions.     Figure 1.   Monitoring Well Network as Presented in  Testing and Monitoring Plan (Chapter 5 .0 ) of the  UIC Permit Supporting Documentation as  S ubmitted in May 2013  
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U.S. Environmental Protection Agency Request for Addi
n 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit Apy

egarding:
ns For FutureGen 2.0 Morgan County UIC Wells 1,2, 3, and 4

@

EPA Comment / Question / Request

FutureGen Response

Footn

e location of any wells required to support implementation
direct monitoring approaches will be determined once
didate technologies have been evaluated and the selection
cess completed.” FutureGen has selected locations for the
nitoring wells based on the preliminary modeling. Once

y begin on-site activity, these locations may change. If the
ttions do change, the monitoring wells will retain the intent
cribed in this plan.

\: When will these technologies be evaluated and
when will any changes be proposed?

The screening of the indirect monitoring approaches was conducted as part of the Front End
Engineering Design process. The selected indirect technologies will include the following:
©  pulsed neutron capture logging or determination of reservoir CO, saturation
integrated deformation monitoring
o time-apse gravity
©  microseismic monitoring.

In addition, a baseline VSP survey in at least one of the “Above Caprock Zone” (ACZ) wells will be
conducted after construction of the monitoring well network and if the EPA provides approval of the
UIC permit application.

The monitoring well locations have been identified; however land owner agreements still need to be
finalized. We anticipate that we will have the final agreements before the end of January, 2014 and
can map the locations at that time.

\ Form 7520-14 (Plugging & Abandonment Plan) is
sing.

\: Please provide for each well.

EPA Form 7520-14 has been completed for open-hole and cased-hole completions with laterals of
1,500 ft and 2,500 ft (4 forms, in Appendix B). These forms were unintentionally missing in the UIC
Permit Application and are being submitted with this response.

rmation concerning the slurry volume and slurry weight
he EverCrete cement is needed

(1) The slurry volume (yield) is 1.12 ft/sack.

(2) The slurry weight is 15.82 Ib/gal.

(3) Lab analyses of the EverCRETE-5 cement blend and a technical report are also attached (Appendix
Q.

Note that the Alliance plans to use a Class H cement, and the product brand, EverCRETE-S, is an
example of a class H cement.

igure 6.2, the 7" casing is set at 3400 feet, however a
ent retainer will be at 3900 feet, which is below the cased
..

170011000 <

The carbon-steel casing will be run to a depth of 3,400 ft and stainless steel casing will be run from
3,400t to 3,950 ft. For clarity, an updated version of Figure 6.2 is attached in Appendix D. For
consistency, Figures 4.4, 4.5, and 6.1 have also been updated and are provided in Appendix D.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Lucy Swartz

Bcc: McAuliffe, Mary; Krueger. Thomas; Saieh. Patrick; Tiago. Joseph; Jaime Rooke
Subject: trust fund language corrections

Date: Wednesday, February 26, 2014 9:33:00 AM

Importance: High

Tyler and Lucy,
Our attorneys caught something that | want to pass along.
In Schedule C. We say,

“Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually
need to be incurred. Therefore, the trust account will be funded with the cost of plugging injection
and monitoring wells as soon as drilling the well begins. The Alliance’s estimated cost of this
activity is $2.723 million.”

A few sentences down and again in Table 1, we make it clear that we are requiring this funding
within 7 days after issuance of the final permits, but should the phrase “as soon as” be something
else like “prior to” or “within the timeframe set forth below”? | think the 7 days language you have
is clear and controls, but if you are tweaking this document, this seemed like an easy thing to
revise.

Please consider changing “as soon as” to something like "...will be funded with the cost of plugging
injection and monitoring wells within seven days of any final permit under this project."

In Section 14, line 7, the model has a typo. It says the Trustee may rely on instructions "with to" the
extent permissible. Should "with" be deleted?

We have a few more comments that we are discussing internally and anticipate getting those to
you shortly.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Elkins, Timothy; Batka. Allan; Bayer, MaryRose; Smith, Robert H; Krueger, Thomas;
McAuliffe, Mary; Shari.Ring@cadmusgroup.com

Subject: updated draft PISC for your review and reply

Date: Monday, February 24, 2014 1:40:10 PM

Tyler,

Like | mentioned before, there were a lot of comments and discussion on this so it took a
little longer than we'd hoped. There is still quite a bit that needs the FGA's

attention. Thanks to all in the Region, HQ and Cadmus that helped with this.

Let me know when you think you can turn this around back to us by.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew

Bcc: Bayer, MaryRose

Subject: 01-03-2014 phone call

Date: Friday, January 03, 2014 4:37:00 PM
Tyler,

Just to briefly memorialize our call this morning:

Although model revisions have merit, we have to be careful to limit the number of times
the computational model is revised so as not to create unnecessary delays in the
application reviews.

| explained how the Agency desires to “nail down” the monitoring well specifics (location,
depth, monitoring techniques) since they feed into such things as the PISC and financial
responsibility.

You briefly described the integrated deformation monitoring (IDM). You stated that surface
changes on the order of a cm or two might show up after the sixth year of injection.

You stated that the IDM will include both tilt meters and satellite based measurements.

| also inquired about how any deformation might affect monitoring zone pressures. The
effects seem to be limited and are encapsulated in the model results.

Recent tests do not show any fractures in the confining zone.

Initial testing was used to establish fracture pressure gradients as well as the maximum
injection pressure. | told you that we had some questions about that and he would see
them shortly.

You anticipated that your response to the 12/20 issues in my email would be coming to our
office today.

You stated that the table that you and your team used to create the responses to our RAl’s
is in a Word document and not in Excel. You said that you would send them via FTP. |
received those in a later email link. Thanks.

Anyway, | hope | got this straight. Please correct me if | have something wrong.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Saieh, Patrick

Bcc: Krueger, Thomas; Smith. Robert H; McAuliffe, Mary
Subject: 2/19/14 brief phone call

Date: Wednesday, February 19, 2014 2:29:00 PM

Tyler,

Thanks for that clarification about the pressure limits for the annulus system. The statement about
the Annulus Pressure System from 2/7/14 that its “...design pressure limit is 3,000 psi...” was
referring to the surface equipment, not the down-hole annulus. This initially caught some attention
since down-hole pressures might be expected to approach 3,500 psi. As you note, the surface
pressures in the APS will have alarms and safety values so that it is not expected to reach the 3,000
psi limit.

Thanks again,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew

Bcc: Bayer. MaryRose; Smith, Robert H; Akhavan. Maryam
Subject: 2/25/14 phone memo

Date: Thursday, February 27, 2014 3:08:00 PM

Tyler,

Thanks again for gathering some of your colleagues together for our call on Tuesday. Below is a
summary of our discussions. If | have stated anything in error, please let me know.
Jeff

e P&A plan: The one gel spacer/plug was intentionally left out of the injection well P&A
plans. We advised that the final P&A plans should include that spacer/plug and that they
need to be signed. The P&A plans for the monitoring wells look fine, but they need to be
signed. Since the proposal is for four permits, each permit would have one original
injection well P&A plan (form 7520-14) and each permit would have all 8 monitoring well
P&A plans. You can send in one signed form each and we can copy them across all the
permits (if issued).

o ERR plan: You said that this seemed in good shape and you just wanted to cross reference
it with the other plans for consistency.

e Monitoring network: FGA is proposing a third RAT well in the SE area of the projected
plume area. This well was originally considered, but has been left out up to this point due
to the lack of landowner agreement. That issue has been resolved so it is part of the
planned monitoring. This revised monitoring well will have to be added to the Testing and
Monitoring plan as well as the PISC plan. You told us that the cost was already set in the FR
so there won’t need to be alterations of the proposed trust fund due to adding this well.

e AOR evaluations are planned for annually until year 5 of a permit (or was it year 5 of
injection) and then every 5 years thereafter

e Things that would trigger AOR evaluations

0 Pressure > 90% of fracture pressure is encountered

0 Observed changes above cap rock indicating a problem
0 Anomaly in the plume development

O Increase microseismicity

e Testing and Monitoring plan; a full suite of analytes should be in the proposed testing. This
can be reduced in the future as a greater understanding of the value of various parameters
is evaluated

e Comp. model was run with perfs going up the curve. Graphics etc. will be match that.

e QASP; following ADM example; will be part of T&M plan although an independent
document.

e PNNL will do a cross check of the plans they have and get them to EPA on Monday, 3/3/14.

e Still awaiting insurance language.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Lucinda Swartz; Jaime Rooke
Subject: 2/4/14 phone call

Date: Wednesday, February 05, 2014 4:36:00 PM

Tyler,

As I mentioned on the phone today and yesterday, people from our
office, HQ, and the Cadmus Group spoke yesterday about our review of
FutureGen’s (FG’s) financial responsibility (FR) for the proposed
permits. FG currently proposes to have an insurance plan for the
ERRP and a trust fund to cover all the other FR aspects of the
proposed wells. Regarding the insurance, we will need more
information on how a proposed insurance policy would meet the
regulatory requirements. You said that you and/or Lucy would pass
along what you have learned exploring that issue. You also
reiterated your offer to have a call between you, us, and the
insurance underwriter, possibly on Friday (2/7). I think that could
be helpful. It would need to fit it into Molly and Jaime’s schedules
since they know the most about this subject.

Regarding the trust fund, although we see reasons for having funds
in the trust prior to any potential draft permit decision, we think
that having a fully executed trust (without the funds) may be
sufficient to demonstrate that part of FR at the time of a possible
draft permit decision. If that is the case, then the trust must have
a schedule (perhaps Schedule B of the draft plan that was sent to
you 1/28/14) that details when funds need to be in the trust fund
and what those amounts are (Note: we are still evaluating those
estimated costs and will discuss any discrepancies/concerns we
identify). We were thinking that the initial amount (under the draft
plan that was sent to you 1/28/14) might be scheduled to be in place
within one week of any final permit decision, but before the
effective date of the permit. This would allow FG to place those
funds in the trust anytime before or during the comment period, and
past that up to one week after the final permit decision date. All
of this, of course, is assuming the Agency makes an affirmative
determination regarding whether to issue permits for these proposed
wells. The schedule would then have the remaining funds needed for
the trust fund divided over a three year period. Of course, there
are inflation adjustments that will have to be considered annually
so numbers might evolve. The first of the three annual payments into
the trust would be required before initial injection (of any of the
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proposed wells) is authorized. The next two payments would be due
annually after that payment, again with inflation and/or

cost adjustments as needed. This would be in Schedule B (or
elsewhere?) of the Trust and therefore be an enforceable permit
condition.

We also talked about the injection zone depiction. I told you that I
was reviewing the draft AOR and Corrective Action plan. A number of
graphics in it from the permit applications indicate an injection
interval around 4040’ BGS. Construction details and other
discussions we’ve had suggest that FG was proposing injecting from
that depth up to the top of the Mt. Simon as well as the Elmhurst.
My discussion with you confirmed that the modeling was done with
that broader injection interval. This matches the proposed
construction also. If those graphics are used, we’ll need them
corrected to show the broader range of depths where injection 1is
proposed to take place. They should also be amended to reflect the
injection zone includes the lower submembers of the Lombard that the
model predicts will be accepting injected CO2. We will send you a
draft AOR and Corrective Action plan shortly which will note these
and other suggested changes.

Jeff






Hoff, David

From: McDonald, Jeffrey
Sent: Tuesday, January 28, 2014 9:00 AM
To: Gilmore, Tyler J

Subject: Accepted: Discuss Insurance and Trust Fund Requirments






From: McDonald, Jeffrey
To: Gilmore, Tyler J

Subject: Accepted: EPA Conf Call Emergency and Remedial Response Plan

Thanks again
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Hoff, David

From: McDonald, Jeffrey
Sent: Thursday, December 19, 2013 4:56 PM
To: Gilmore, Tyler J

Subject: Accepted: EPA Conference Call on Insurance






Hoff, David

From: McDonald, Jeffrey
Sent: Tuesday, February 18, 2014 11:26 AM
To: Gilmore, Tyler J

Subject: Accepted: EPA Conference Call to discuss AoR






Hoff, David

From: McDonald, Jeffrey
Sent: Tuesday, February 25, 2014 1:40 PM
To: Gilmore, Tyler J

Subject: Accepted: Questions and Feedback on Permit Plans






From: McDonald, Jeffrey

To: Gilmore, Tyler J
Cc: Shari.Ring@cadmusgroup.com; Bayer, MaryRose
Subject: Accepted: UIC Insurance Discussion

Thanks, Tyler.
| forwarded it to Jaime Rooke of the Cadmus Group.



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=CB443CF773494BB9A79ACB8C46743F86-JMCDON05

mailto:Tyler.Gilmore@pnnl.gov

mailto:Shari.Ring@cadmusgroup.com

mailto:Bayer.MaryRose@epa.gov




From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Saieh, Patrick; Bayer, MaryRose; Akhavan, Maryam

Subject: Discussion on maximum allowable injection pressure calculations and critical pressure front methodology
Date: Wednesday, January 22, 2014 12:08:00 PM

Importance: High

Tyler,

Do you have any time tomorrow to talk about these two issues? Feel free to invite others from
your team that have expertise in these areas.

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose

Bcc: Jann, Stephen; Smith. Robert H; Saieh, Patrick
Subject: FGA FR and other requests: 12-20-2013
Date: Friday, December 20, 2013 3:57:00 PM
Tyler,

First of all, thanks for setting up that phone call this afternoon to talk about the financial
responsibility issues with PNNL, FutureGen, EPA and the Cadmus Group. As we stated, we need to
kick around some ideas and see if we can do something that meets our needs (regs, guidance, etc.)
and might be of help to the FGA.

As we’ve discussed in the past, we see the value of frequent communication with issues as they
arise. | think we all understand that if we submit comments / questions / requests for information
on a section of an application, it does not mean that the review of that section is complete. I'm
sure you are aware that sometimes issues raised in one part of an application might have
ramifications in another area. Below are a few issues that came up recently and we thought that
we would send them over to you now. If you can get back to us in two weeks, that would be great.
If any issues will take longer to reply to, let me know.

Thanks again,
Jeff

» The Final EIS referenced a document “Battelle. 2011a. Environmental Information Volume
Biological Resources Section. Prepared for FutureGen Alliance. October 2011.” Please
provide a copy of this document. Submission of the document in electronic format is
acceptable and encouraged.

» Please provide a copy of all references cited in the application. Please also provide a copy of
all references cited in the responses to EPA requests for additional information.
Submission of the documents in electronic format is acceptable and encouraged.

» Please submit individual construction procedures and plugging and abandonment plans for
each of the five monitoring wells that include the third-party cost estimates for each well.
We saw cost estimates on pages C-11 and C-12 of the application. If these were developed
from a third party, we’d like to see what they submitted for you to generate those tables.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Lucinda Swartz; Paul Champagne; Jaime Rooke; Shari Ring; Bayer, MaryRose; Greenhagen, Andrew; McAuliffe
Mary; Krueger, Thomas

Subject: FR Trust Fund feedback

Date: Tuesday, January 28, 2014 11:38:00 AM

Attachments: ER Pay-1n Period Options 012814.docx
Review of Insurance Policy 01-28-14.docx

Importance: High

Tyler,

We want to give you these before our call this afternoon. The first covers the issue of a phased
funding of a trust fund. | hope it lends some clarity to the Agency’s opinion.

The second is regarding the use of insurance for some aspects of FR.

Also, the instrument submittals should clearly identify each well covered by an instrument and the
respective instrument amounts and covered activities associated with each well (e.g., the cost to
plug each individual well). The Class VI Guidance provides example language on how to specify
wells and costs covered. See Sections 2 and 3 on page B-3 for sample Trust Agreement language.
See the Certificate of Insurance on page B-17 for example Insurance Policy language.

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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FOR DELIBERATIVE PURPOSES ONLY – DO NOT CITE, QUOTE, OR DISTRIBUTE


Options for Trust Fund Pay-in Period


[bookmark: _GoBack]This document presents a payment plan option for FutureGen’s trust fund. Note that the cost amounts provided herein are based on the cost estimates in FutureGen’s permit application, and are subject to final review. Additionally, the exact payment amounts will be subject to change during the course of the project to account for inflation of costs and any changes to the project that affect the cost of the covered activities. The payment option is designed based on the financial risks during each phase of the GS project and based on the recommendations in the Trust Fund section of the Class VI Financial Responsibility Guidance (p. 26). 


Requirements and Recommendations


Under 40 CFR 146.85(f), the UIC Program Director must approve the use and length of pay-in periods for trust funds. Additional recommendations for a pay-in period are provided in Chapter 5, Part A.2 of the Class VI Financial Responsibility Guidance and include a formula-based payment schedule and a three-year pay-in period. 


Breakdown of Phases


The trust fund must be funded according to when the financial risks are incurred on the project in three distinct activities:


· Pre-Injection: Once an injection or monitoring well is drilled, plugging costs will eventually need to be incurred. Therefore, the trust account should be funded with the cost of plugging injection and monitoring wells as soon as drilling the well begins.


· Injection: As soon as injection of CO2 begins in the Class VI well(s), certain activities will necessarily need to occur (corrective action that is performed on a phased basis, post-injection site care and monitoring, and site closure). Therefore, the trust account should be funded with the costs associated with these activities.


· Post-Injection: While all costs must be covered at the start of the post-injection phase, the trust account may phase out these costs as the activities are completed (with approval from the UIC Program Director). For example, once wells have been plugged, their corresponding plugging costs may be subtracted from the total value of the trust account.


Table 1 breaks down the activities and estimated costs according to when the payments would be required (i.e., at the start of the “Pre-Injection” phase or at the start of the “Injection and Post-Injection Phase”). 


[bookmark: _Ref376514524]Table 1: Payment Schedule for Option 1


			Phase


			Activities


			Costs (millions of dollars)


			Total Value of Trust at the Start of Phase (millions of dollars)





			Pre-Injection


			Plugging Injection and Monitoring Wells


			2.723


			2.723





			Injection and Post-Injection


			Plugging Injection and Monitoring Wells


			2.723


			25.068





			


			AoR and Corrective Action


			0.623


			





			


			Post-Injection Site Care (Includes Monitoring)


			18.32


			





			


			Closure


			3.402


			








 


Pay-In Period Option: Lump Sum Payment of Pre-Injection Costs and Fixed Payment Schedule for Remaining Costs


The Class VI Financial Responsibility Guidance provides a formula for calculating payments of a pay-in period:


Next Payment = (CE - CV)/Y


where CE is the current cost estimate, CV is the current value of the trust fund, and Y is the number of years remaining in the pay-in period. The Guidance recommends a pay-in period of three years, with the first payment made prior to the start of injection. Subsequent payments should be made no later than 30 days after each anniversary date of the first payment. Furthermore, the exact payment values will depend on the cost estimates (CE), and may change from year to year.


This option requires initial payment of the costs associated with the risks after the injection and monitoring wells have been drilled but before injection begins ($2.723 million for plugging injection and monitoring wells), and it allows for a pay-in period for the costs associated with the risks after injection begins ($22.345 million for phased corrective action, post-injection site care and monitoring, and site closure). Table 2 summarizes the payment schedule with a three-year pay-in period (as defined in the Class VI FR Guidance). Initial payment for plugging activities should be made before drilling begins, and the next payment (year 1) must be made before injection begins.


[bookmark: _Ref376518051]Table 2: Payment Schedule using a 3-Year Pay-In Period 


			Payment Year


			Payment Value (millions of dollars)


			Total Value of Trust (millions of dollars)





			Initial Payment (before drilling)


			2.723


			2.723





			Year 1 (before injection)


			7.448


			10.171





			Year 2


			7.448


			17.620





			Year 3


			7.448


			25.068
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Preliminary Review of Insurance Policy


This document includes requests for additional information and questions regarding FutureGen’s proposed insurance policy as a financial responsibility instrument. The requests and questions below are based on the review of the “Specimen” insurance policy provided in the Class VI permit application, requirements defined under 40 CFR 146.85 and recommendations in the Class VI Financial Responsibility Guidance. The exact coverage amounts have not yet been assessed and are still subject to change based on the full evaluation of the cost estimates provided in the permit application. The intent of this preliminary assessment is to provide feedback to the permittee in the effort to establish an acceptable insurance policy.


Coverage Amounts:


After further consideration, the two-tiered coverage plan may be acceptable to cover the relevant emergency and remedial response (E&RR) risks (i.e., a low coverage amount to cover E&RR during the well construction phase, and a significantly higher coverage amount to cover the E&RR costs before commencement of injection). However, the insurance provider must be identified and a policy must be in place prior to approval of the permit application. The first coverage tier must be active before drilling begins, and the second tier must be active before injection begins. The exact values of coverage proposed in the permit application have not been assessed in detail and are subject to change. 


Type of Coverage


The permit application provides definitions of key terms that ultimately determine the events and costs will be covered by the insurance policy (see section 9.4.2.1 of the application). These definitions appear reasonable to protect USDWs, as required at CFR 40 146.85(a)(3), with the exception that the events listed in the application do not include migration of fluids potentially damaging to USDWs other than CO2 and brine. It is recommended that the policy clearly state that it covers adverse impacts associated with the migration of any fluids damaging to USDWs.


Required Specifications for Insurance Policy:


1. Cancellation [40 CFR 146.85(4)]: Insurance policy may not cancel, terminate or fail to renew except for failure to pay the financial instrument. The financial institution must provide written notification to the owner or operator and the UIC Program Director 120 days prior to cancellation.


Inconsistencies with this requirement:


a. The policy requires written notification only 90 days prior to cancellation (and only 10 days for nonpayment of the premium). This timeframe is not in compliance with the rule and should be expanded to 120 days. [Section VI “Conditions,” part G “Cancellations” of the policy.]


b. The policy allows for cancellation in the event of material misrepresentation by the insured, or upon the insured’s failure to comply with the conditions of the policy (the insured will have 30 days to cure such failure). This condition may leave open the possibility that the policy could be cancelled and financial protection removed. 


c. Furthermore, the policy allows for cancellation upon “a change in use or a change in operations which is different from the uses or operations identified” during the underwriting process. This condition is not in compliance with the rule. It is reasonable for GS projects to change over the course of the project. Please explain what is meant by “change in use or change in operations” and its implications for continued coverage of E&RR costs.


d. The policy should specify that written notice of cancellation will be provided to the insured and the UIC Program Director. [40 CFR 146.85(a)(4)(i)(A) and Chapter V, Section E of the Class VI FR Guidance]


2. Renewal [40 CFR 146.85(a)(4)]: The owner or operator must renew the insurance policy for the term of the GS project. 


a. The permit application specifies that insurance providers are likely to offer policies for terms of 3 to 5 years (page D.4). To comply with the Class VI rule, the owner or operator must negotiate renewal of the policy with the insurance company prior to the completion of the term specified in the policy. If the insurance company fails to renew the policy, then the insurance company must provide written notice of this decision to the owner or operator and the UIC Program Director at least 120 days prior to the end of the policy. The owner or operator must then establish an alternative insurance policy or another form of financial responsibility within 60 of the notice not to renew the existing policy [40 CFR 146.85(a)(4)(i)(A)].


3. Strength of Insurance Company [40 CFR 146.85(a)(6)(ii)]: Upon selecting an insurance provider, the applicant must provide proof of the insurance company’s financial strength before the financial responsibility instrument can be approved. 


4. Proof of Third Party Standing [40 CFR 146.85(a)(6)(vii)]: Upon selecting an insurance provider, the owner or operator must demonstrate that the insurance company is an independent third party before the financial responsibility instrument can be approved.


Additional Concerns


1. EPA requests that the permittee submit a Certificate of Insurance. Suggested wording of this document can be found in the Class VI FR Guidance on page B.17.


2. The Specimen insurance policy includes several exclusions for noncompliance. Specifically, Section II “Exclusions;” part G “Intentional Noncompliance;” and Endorsement Part 6 “Non-Compliance with Permit.” These exclusions indicate that the insurance policy does not apply to any costs arising in the insured’s non-compliance with regulations or the permit for injection. Also, Section VI “Conditions,” part I “Concealment or Fraud” renders the policy void if the insured has concealed or misrepresented information. Of particular concern is that many events that could lead to the need for an emergency response would technically be violations of the Class VI rule or the permit, e.g., failure to maintain mechanical integrity.


3. A bankruptcy provision is briefly mentioned in Section VI “Conditions,” part C “Action Against Company.” If the insured files for bankruptcy after injection has begun and can no longer cover the costs associated with E&RR, does this bankruptcy provision ensure that the insurance provider will pay the value of the insurance policy or cover E&RR costs? 


4. Section V “Limits of Liability and Deductible,” part F “Deductible” specifies that the Insured is responsible for paying the value of the deductible. Currently, the deductible is estimated at $250,000 (2.5% of the value of the policy, 40% of the estimated annual premium). EPA recommends that the policy has no deductible (to provide full coverage for the E&RR costs as required by rule). However, it is likely that this is unattainable, and the policy should be written with the lowest deductible possible.	
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Subject: FW: ADM QASP Plan

Date: Wednesday, February 12, 2014 11:15:00 AM
Attachments: 2014_02_07_QASP_DRAFT.pdf

This is another document that might be of interest. FG does not need to match this, but a QASP
will be needed (it’s in the regs). This is noted on the draft T&M plan that | plan to send to you
Friday, but | wanted to give you a heads up now on the QASP issue. | am not in a position to say
whether this level of detail is needed or not, but this is an example of what they gave us. We may
have comments that modify it, but I’'m not part of that. | don’t think there is anything wrong with
sharing this with you.

| hope to give you their draft ERR plan soon. We are working to give you either Friday or early next
week (Monday is a holiday, by the way).

I'll call you later today if you are free.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov
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Distribution List

The following project participants should receive the completed Quality Assurance and Surveillance Plan
(QASP) and all future updates for the duration of the project. The ADM Corn Plant Manager will be
responsible for ensuring that all those on the distribution list will receive the most current copy of the
approved Quality Assurance and Surveillance Plan. Names in bold are the primary points of contact with
addresses listed below.

ADM

Mark Burau
Dean Frommelt
Sean Stidham
Mark Atkinson

Archer Daniels Midland Company — Corn Processing
Facilities Contact : Mr. Mark Burau, Corn Plant Manager
Mailing Address : 4666 Faries Parkway

Decatur, IL 62526

Phone : 217-424-5750

Schlumberger
John Medler

Jim Kirksey
William Graham Payne
Nick Malkewicz

Schlumberger Carbon Services

Project Manager : John Medler
Mailing Address: 615 E. Peabody Drive
Champaign, IL 61820

Phone: 217-333-8854

Illinois State Geological Survey
Robert Finley

Sallie Greenberg

Randy Locke

Curt Blakley

Illinois State Geological Survey (ISGS)
Project Manager: Robert Finley
Mailing Address: 615 E. Peabody Drive
Champaign, IL 61820

Phone: 217-244-8389
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A. Project Management

A.1. Project/Task Organization

A.l.a/b. Key Individuals and Responsibilities

The project, led by Archer Daniels Midland Company (ADM), includes participation from the Illinois State
Geological Survey (ISGS) and Schlumberger Carbon Services (SCS). The Testing and Monitoring Activities
responsibilities will be shared between these organizations and the program will be broken in six
subcategories:

) Shallow Groundwater Sampling
ISGS will be responsible for this Testing and Monitoring subcategory, and it includes all
groundwater monitoring less than 500 ft.

) Deep Groundwater Sampling
ISGS will be responsible for this Testing and Monitoring subcategory, and it includes all
formation fluid sampling greater than 500 ft. Samples will be obtained with assistance from
SCS.

) Well Logging
SCS will be responsible for this Monitoring subcategory, and it includes all casedhole logging
to characterize carbon dioxide (CO;) plume movement.

V) Mechanical Integrity Testing (MIT)
SCS and ADM will be responsible for this Testing and Monitoring Activity subcategory, and it
includes all mechanical well integrity testing.

V) Pressure/Temperature Monitoring
ADM will be responsible for this Monitoring subcategory, and it includes all installed pressure
and temperature gauges associated with the wells.

Vi) CO, Stream Analysis
ADM will be responsible for this Monitoring subcategory, and it includes all CO, stream gas
chemistry and sampling, as well as corrosion monitoring.

Vi) Geophysical Monitoring
SCS will be responsible for this Monitoring subcategory, and it includes all 3D and vertical
seismic profile (VSP) surveys.

A.1.c. Independence from Project QA Manager and Data Gathering

The majority of the physical samples collected and data gathered as part of the MVA program is
analyzed, processed, or witnessed by third parties independent and outside of the project management
structure.

A.1.d. QA Project Plan Responsibility

ADM will be responsible for maintaining and distributing official, approved QA Project Plan. ADM,
Schlumberger, and ISGS will periodically review this QASP and consult with USEPA if/when changes to
the plan are warranted.







A.l.e. Organizational Chart for Key Project Personnel

Figures 1-3 show the structure of key project personnel at each organization.

Mark Burau Dean Frommelt

Division Environmental
Manager

Corn Plant Manager

Sean Stidham Mark Atkinson
CO, Supervisor Environmental Manager

Figure 1. Archer Daniels Midland Company key project personnel.

John Medler Jim Kirksey

Project Manager Well Engineering Manager

William Graham Payne Nick Malkewicz

Geologist Project Manager

Figure 2. Schlumberger Carbon Services key project personnel.







Robert Finley Randy Locke

Director, Advanced Energy Head, Geochemistry Section
Technology Initiative

Sallie Greenberg Curt Blakley
Associate Geologist

Assistant Director, Advanced
Energy Technology Initiative

Figure 3. lllinois State Geological Survey key project personnel.

A.2. Problem Definition/Background

A.2.a Reasoning

The lllinois Industrial Carbon Capture and Sequestration (IL-ICCS) monitoring, verification, and
accounting (MVA) program has operational monitoring, verification, and environmental monitoring
components. The operational component will provide information on the injected CO, injection
formation, its response to CO, injection, and the migration of the CO, plume within the injection
formation. The verification component will provide information to evaluate if leakage of CO, through
the caprock is occurring, and the environmental monitoring components will determine whether any
injected CO, is being released into the shallow subsurface or biosphere.

The IL-ICCS project team has begun to implement a robust MVA program. An adjacent CO, injection
demonstration project, the lllinois Basin—Decatur Project (IBDP) has preceded the IL-ICCS project. IL-ICCS
MVA efforts will continue to significantly benefit from ongoing IBDP MVA efforts to provide a high level
of confidence that the injected CO, will remain permanently stored in the intended reservoir. A primary
goal of the IL-ICCS MVA program is to demonstrate that project activities are protective of human health
and the environment. Another goal is to develop a Quality Assurance Surveillance Plan (QASP) that
addresses all required monitoring and testing components of the U.S. Environmental Protection
Agency’s (USEPA) Underground Injection Control (UIC) Program identified for Class VI wells. Additionally,
the MVA program will collect and maintain selected environmental data sets that may be needed if
disputes (legal or otherwise) were to develop regarding impacts of the project. Tailoring the MVA
program to the IL-ICCS site has allowed the program to address the greatest potential risks while using
monitoring resources cost effectively.







A.2.b. Reasons for Initiating the Project

The goal of the IL-ICCS injection project is to demonstrate the ability of the Mt. Simon Sandstone to
accept and retain industrial-scale volumes of CO, for permanent geologic sequestration to reduce
atmospheric concentrations of CO,. In order to demonstrate that this can be done safely and at
commercial scale, a rigorous MVA plan is proposed to ensure the injected CO, is retained within the
intended storage reservoir.

A.2.c. Regulatory Information, Applicable Criteria, Action Limits

The Class VI Rule requires owners or operators of Class VI wells to perform several types of activities
during the lifetime of the project in order to ensure that the injection well maintains its mechanical
integrity, that fluid migration and the extent of pressure elevation are within the limits described in the
permit application, and that underground sources of drinking water (USDWs) are not endangered. These
monitoring activities include mechanical integrity tests (MITs), injection well testing during operation,
monitoring of ground water quality in several zones, tracking of the CO, plume and associated pressure
front. This documents details both the measurements that will be taken as well as the steps to ensure
that the quality of all the data is such that the data can be used with confidence in taking decisions
during the life of the project.

A.3. Project/Task Description
A.3.a/b. Summary of Work to be Performed and Work Schedule

Table 1 describes the Testing and Monitoring tasks, reasoning, responsible parties, locations and testing
frequency. Tables 2 and 3 summarize the instrumentation and geohpyiscal surveys, respectively.







Table 1. Summary of testing and monitoring.

Frequency
. Pre-injection— Operation PISC Period— Analytical
P t Locat Method . . . Lab/Custod P
arameter ocation etho Baseline Period—5 years 10 years Technique ab/Custody urpose
Carbon dioxide st . . 2 : . . N
arbon dloxi 'es ream Compressor Direct sampling years Quarterly None Chemical analysis TBD Monitor injectate
analysis Quarterly
After CO, i R 2 years: . . L
D BD
dehydration irect sampling Quarterly Quarterly None Chemical analysis T Monitor injectate
Continuous recording
Injection rate and Direct Monitor rate and
| Compressor Flowmeter Continuous Continuous Continuous N/A
volume measurement volume
Injection pressure ces2 Pressure gauge Continuous Continuous Continuous Direct N/A Monitor injection
Wellhead measurement pressure
CCs2 . . . Direct Monitor annular
Annular pressure Pressure gauge Continuous Continuous Continuous N/A
Wellhead measurement pressure
DTS Fiber Optic CCS2 Fiber optic . . . Direct . .
P P Continuous Continuous Continuous N/A Wellbore integrity
Temperature Wellbore cable measurement
Downhole Bottom of Downhole Continuous Continuous Continuous Direct N/A Monitor reservoir
pressure/temperature CCS2 gauge measurement
. e . . . Monitor injectate,
Corrosion monitoring Compressor Coupon None Quarterly None Chemical analysis TBD ‘J .
wellbore integrity
External Mechanical CCS1, CCS2 Pulsed neutron
. ! . Loggi A Il A Il A Il N/A Wellbore integrit
Integrity VW1, & VW2 0gging nnuafly nnuafly nnuatly (RST), temperature / elibore Integrity
Supplemental
Mechanical Integrity
Fiber optic Direct
DTS Fiber Optic CCS1 & CCS2 I Pt Continuous Continuous Continuous : N/A Wellbore integrity
cable measurement
€cs, ces2, At time of Cement evaluation
Cement evaluation VW1, VW2, Logging Baseline None luegi | N/A Wellbore integrity
GM1, & GM2 plugeing 8
Pressure fall off testing Mt. Simon Pressure gauge None Every 5 years (or None Direct N/A Wellbore integrity
TBD) measurement
. . Multilevel . . . Direct L .
Microseismic GM2 Continuous Continuous Continuous N/A Reservoir integrity
geophone array measurement
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Table 1. Summary of testing and monitoring (continued).

Groundwater Frequenc
monitoring q Y
Location Pre-injection— Operation PISC Period— Analytical
Level Depth Method Baseline Period—5 years 10 years Technique Parameters Purposes
Year 1-2: Year 1-3: Detection of changes
. . 2 years: Quarterly Annually . . in groundwater
Shallow groundwater Figure 4 In-sit Chemical analysis Table 4
g gy t Quarterly Year 3-5: Bi- Year 4-10: ! Vsl quality for a shallow
annually None USDW.
Year 1-3: Detection of changes
Lowermost USDW (St. eM2 Swab valve 1 sample Year 1-5: Annually Chemical analysis Table 4 |n.gr9undwater
Peter) Annually Year 4-10: quality in lowermost
None USDW.
o
Al nfinin n Y 1-5: A I
bove confining .zo © VW1 & VW2 In-situ 1sample ear 1-5 nnuaty Chemical analysis Table 4 quality for reservoir
(Ironton-Galesville) Annually Year 4-10: .
directly above the
None .
confining zone.
Detection of changes
Year 1-3: in groundwater
In-zone monitoring (Mt. . Year 1-5: Annually . . quality, geochemical
VW1 & VW2 In-situ 1sample Chemical analysis Table 4
Simon) P Annually Year 4-10: 4 monitoring and CO,
None detection in storage

reservoir.








Table 1. Summary of testing and monitoring (continued).

Direct Geochemical
Measurement Frequency
Pre-injection— Operation PISC Period— Analytical
Location Depth (ft) Method Baseline Period—5 years 10 years Technique Parameters Purposes
Detection of changes
Year 1-3: in groundwater
. . Year 1-5: Annually . . quality, geochemical
VW1 (Mt. Simon) 6,637—6,832 In-situ 1sample Annually Year 4-10: Chemical analysis Table 4 monitoring and CO,
None detection in storage
reservoir.
Detection of changes
Year 1-3: in groundwater
. . Year 1-5: Annually . . quality, geochemical
VW2 (Mt. S 5,800 & 6,800 In-sit 1 | Ch | | Table 4 L
( imon) ! ! n-situ sample Annually Year 4-10: emical analysis able monitoring and CO,
None detection in storage
reservoir.
* Samples collected using downhole sampling tool run into well on wireline.
* Swab samples collected at surface after well has been swabbed with ample volume to ensure reservoir fluid at surface.
Indirect Methods of CO, Plume Tracking
Method Location Pre-injection—Baseline Operation Period—5 years Purpose
Time lapse VSP GM2 Baseline survey Year 2 or 3MMT CO, injected Indirect measurement of plume size
Time lapse 3D Injection area Baseline survey Year 5 or at end of injection Indirect measurement of plume size








Table 2. Instrumentation summary. T = Temperature; P = Pressure; DTS = Distributed Temperature System; F = Flow (continued on page 9).

Operational Period—5 Years

PISC Period—10 Years

Monitoring
Monitoring Instrument Target Data Collection Data Collection .
. ) . Frequency . Frequency Explanation
Location Type (Formation or Location(s) Location(s)
Other)
€O, Facility TP F Surface Discharge High Pressure Continuous Discharge high pressure NA Monitoring the operational, equipment, and permit
Pumps pumps parameters
Distributed Distributed Yr1:
DTS All strata measurement to Continuous | measurement to Continuous Monitoring operational parameters and well integrity
6325 KB/5631 MSL. 6325 KB/5631 MSL. Yr 2-10: None
1 inter/val linterval y vr 1-3:
. PT @ 6325 KB/5631 MSL Continuous PT @ 6325 KB/5631 MSL . o . .
CCS#1 TP Mt. Simon Perfs @ 6982-7050 KB Linterval Perfs @ 69827050 KB Yfzfil(:u,\?:se Monitoring operational and equipment parameters
6288-6356 MSL 6288-6356 MSL )
Yr 1-3:
Geophones All strata 3interval array Continuous | 3intervals Continuous Monitor site seismicity and seal formation integrity
Yr 4-10: None
TP Surface Tubing Continuous | Tubing Continuous Monitoring operational, equipment, and permit
parameters
P well head Annulus Continuous | Annulus Continuous Monitoring well integrity
All geologic Distributed ‘ Distributed Yr 1: o ' ' .
DTS measurement to Continuous | measurement to Continuous Monitoring operational parameters and well integrity
ccs#2 strata 6325 KB/5631 MSL. 6325 KB/5631 MSL. Yr 2-10: None
linterval linterval
T,P @ 6325 KB/5631 T,P @ 6325 KB/5631 o . ) .
T,P Mt. Simon MSL Continuous MSL Continuous Monitoring operational, equipment, and permit
Perfs @ 6718-6881 kB Perfs @ 6718-6881 KB parameters
6024-6187 MSL 6024-6187 MSL
Ironton- linterval . linterval Yr .1—3: o o '
Galesville 4918-5000 KB Continuous | 4918-5000 KB Continuous Monitoring seal formation integrity
4224-4306 MSL 4224-4306 MSL Yr 4-10: None
VW1 T,P
linterval linterval Yr 1-3:
Mt. Simon 6945-5654 KB Continuous | 6945-5654 KB Continuous Monitoring plume pressure and temperature front
6251-4960 MSL 6251-4960 MSL Yr 4-10: None
Ironton- linterval Baseline linterval Yzi;t_a?'
Vw2 T,P Galesville 5000 KB Year 1-5: 5000 KB Year 4-10: Monitoring seal formation integrity
4918 MSL Annual 4918 MSL None ’








Operational Period—5 Years

PISC Period—10 Years

Monitoring
Monitoring Instrument Target Data Collection Data Collection .
. ) . Frequency . Frequency Explanation
Location Type (Formation or Location(s) Location(s)
Other)
. Yr 1-3: 3intervals Yr 1-3:
3intervals 7000, 6800, 5800 KB Continuous
TP Mt. Simon 7000, 6800, 5800 KB Continuous ! "’ Monitoring plume pressure and temperature front
Yr 4-10: 1 interval Yr 4-10:
6306, 6106, 5106 MSL ;
TBD Continuous
Yr1-3:
GM1 Geophones All strata 20 interval array Continuous | 20 interval array Continuous Monitor site seismicity, seal formation integrity
Yr 4-10: None
linterval linterval
P St. Peter 3300 KB Continuous | 3300 KB Continuous Monitoring seal formation integrity
6M2 2606 MSL 2606 MSL
Yr 1-3:
Geophones All strata 5 interval array Continuous | 5interval array Continuous Monitor site seismicity and seal formation integrity
Yr 4-10: None








Table 3. Geophysical surveys summary.

Monitoring Tools or Survey Pre-Injection - Operation Period - 5 PISC Period - 10 .
.. Well . . Explanation
Activity Description Baseline Years Years
CBL 1 Baseline None None Mechanical Integrity
GM#1 - —
Pulse neutron 1 Baseline Year 2 Yearl, Year 10 Fluid movement, s.aI|n|ty and €0,
detection
CBL 1 Baseline None None Mechanical Integrity
GM#2 i ini
Pulse neutron 1 Baseline Year 2 Year 1, Year 10 Fluid movement, s.almlty and €O,
detection
Cement evaluation 1 Baseline None At tlm? of Mechanical Integrity
VWL tool plugging
Pulse neutron 1 Baseline Year 2 Year 1, Year 10 Fluid movement, s.almlty and CO;
detection
Pulse neutron 1 Baseline Year 2 Year 1, Year 10 Fluid mover’rclz::c;zl:}mty and €O,
; Vw2 Cement evaluation At time of
Logging 1 Baseline None ) Mechanical Integrity
tool plugging
Pulse neutron 1 Baseline Year 2 Year 1, Year 10 Fluid movement, s.allmty and €O,
detection
. . . At ti f . .
CCs#1 Casing inspection 1 Baseline None |m<'e © Mechanical Integrity
plugging
Cement evaluation 1 Baseline None At tlm? of Mechanical Integrity
tool plugging
Pulse neutron 1 Baseline Year 2 Year 1, Year 10 Fluid movement, s.al|n|ty and €O,
detection
L . . At time of . .
CCS#2 Casing inspection 1 Baseline None . Mechanical Integrity
plugging
Cement evaluation 1 Baseline None At tlm? of Mechanical Integrity
tool plugging
Year 2 fter 2.0 milli
GM#2 | Time-lapse VSP survey 1 Baseline earsor at;c;rs 0 million None Monitor spatial extent of plume
Seismic
D surf — v finiecti
Area 3D surface seismic 1 Baseline ear 5 or enc! ofinjection None Monitor spatial extent of plume
survey period
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A.3.c. Geographic Locations
The location of the IL-ICCS site (Figure 4) is immediately north of the IBDP site.

- Industrial Carbon Capture and Storage {L-10ER Festures

= Shallow Groundwater Well
= CO, Pipeline
B [njection Well #2 (planned)
D Geophysical Monitoring Well #2
Verification Well #2
IBDP Features
——— CO, Pipeline
® Injection Well #1
O  Geophysical Monitoring Well #1
O  Verification Well #1

Figure 4. IL-ICCS Project area showing location of existing shallow groundwater monitoring wells and planned deep wells.
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A.3.d. Resource and Time Constraints

The conclusion of the IBDP, and the availability of wells associated with that project (VW#1, GM#1,
CCS#1) are potential resource constraints for IL-ICCS. Under its current state-issued UIC permit, IBDP
post-injection monitoring will continue for at least 2 to 3 years after injection ceases in November 2014.
Thereafter, the status and availability of the IBDP wells for use by the IL-ICCS project is uncertain. No
additional resource or time constraints have been identified for the IL-ICCS testing and monitoring plan
beyond project funding levels and the proposed timeline.

A.4.Quality Objectives and Criteria

A.4.a. Performance/Measurement Criteria

The overall QA objective for monitoring is to develop and implement procedures for subsurface
monitoring, field sampling, laboratory analysis, and reporting which will provide results that will meet
the characterization and nonendangerment goals of this project. Groundwater monitoring will be
conducted during the pre-injection, injection, and post-injection phases of the project. Shallow and deep
groundwater monitoring wells will be used to gather water-quality samples and pressure data. All
anticipated analytical and field parameters to be measured during groundwater sampling are listed in
Table 4. Tables Tables 5—7 show analytical parameters for CO2 stream gas monitoring, corrosion
coupon assessment, and gauge specifications. Table 8 shows the monitoring outputs. The list of
analytes may be reassessed periodically and adjusted to include or exclude analytes based on their
effectiveness to the overall monitoring program goals.

Key testing and monitoring areas include:

I.  Shallow Groundwater Sampling

e Aqueous chemical concentrations (see Table 4)
Il. Deep Formation Fluid Sampling

e Aqueous chemical concentrations (see Table 4)
lll.  Well Logging

e RSTsigma
IV.  Mechanical Integrity Testing (MIT)

e Pulsed neutron, temperature, cement evaluation logging
V. Pressure/Temperature Monitoring

e Pressure/temperature from in-situ gauges

e Pressure/temperature from surface gauges
VI. CO, Stream Analysis

e CO, Purity (% v/v, [GC])

e Oxygen (O, ppm v/v)

e Nitrogen (N, ppm v/v)

e Carbon Monoxide (CO, ppm v/v)

e Oxides of Nitrogen (NOx, ppm v/v)

e Total Hydrocarbons (THC, ppm v/v as CH,)

e Methane (CH,, ppm v/v)
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VII.

Acetaldehyde (AA, ppm v/v)
Sulfur Dioxide (SO,, ppm v/v)
Hydrogen Sulfide (H,S ppm v/v)
Ethanol (ppm v/v)

Geophysical Monitoring

Seismic data files (e.g., segd file)
Processed time-lapse report
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Table 4. Summary of analytical and field parameters for groundwater samples. Note: Cation, anion, TDS, and alkalinity measurements will all be performed by a NELAP-certified
lab. Isotope and dissolved CO, analyses will be performed by the ISGS. ICP = inductively coupled plasma; MS = mass spectrometry; OES = optical emission spectrometry; GC-P =

gas chromatography - pyrolysis.

Parameters

Cations:
Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sh Se,
and TI

Cations:
Ca, Fe, K, Mg, Na, and Si

Anions:
Br, CI, F, NOs, and SO,

Dissolved CO,

Isotopes: *H, 8D, 520 of H,0

Isotopes: §"°C of DIC
Isotopes: 8D and 5**C of CH,
Isotopes: §'%0 and §*S of SO,
Total Dissolved Solids
Water Density(field)
Alkalinity

pH (field)

Specific conductance (field)

Temperature (field)

Analytical Methods

ICP-MS,
EPA Method 6020

ICP-OES,
EPA Method 6010B

lon Chromatography,
EPA Method 300.0

Coulometric titration,
ASTM D513-11

Liquid scintillation®
Cavity ring-down spectroscopy

Isotope ratio mass spectrometry?
GC-P-Isotope ratio mass spectrometry
Isotope ratio mass spectrometry®
Gravimetry; APHA 2540C
Oscillating body method

APHA 2320B

EPA 150.1

APHA 2510

Thermocouple

Detection Limit/Range

0.001 to 0.1 mg/L
(analyte, dilution and matrix dependent)

0.005 to 0.5 mg/L
(analyte, dilution and matrix dependent)

0.02 to 0.13 mg/L
(analyte, dilution and matrix dependent)

25 mg/L

0.5-0.8 TU for °H
+2%o for 6D
+0.3%o for 50

12.2 mg/L HCOj5 for 5**C

2,400 ppm of CH, for 6D
500 ppm of CH, for 8*°C

10 mg/L of SO
12 mg/L

0.0000 to 2.0000
4 mg/L

2 to 12 pH units
0 to 200 mS/cm

-5t0 50°C

Typical Precisions

+15%

+15%

+15%

+15%

+0.25 TU for °H
+0.6%o for 6D
+0.15%o for %0

+0.15%o for 5°C

+5%o for D
+0.3%o for 8°°C

+0.3%o

+10%

+0.0002 g/mL
+3 mg/L

+0.2 pH unit
+1% of reading

+0.2°C

QC Requirements

Daily calibration; blanks, duplicates
and matrix spikes at 10% or greater
frequency
Daily calibration; blanks, duplicates
and matrix spikes at 10% or greater
frequency

Daily calibration; blanks and
duplicates at 10% or greater frequency

Duplicate measurement; standards at
10% or greater frequency

10% duplicates and background for
each °H batch;

10% duplicates; 10% standards for 6D
and 5°0

10% duplicates; 4 standards/batch
10% duplicates; 10% standards

10% duplicates; 10% standards
Balance calibration, duplicate analysis
Duplicate measurements

Duplicate analysis

User calibration per manufacturer
recommendation
User calibration per manufacturer
recommendation

Factory calibration

1electrolytic enrichment and liquid scintillation counting for *H (Ostlund and Dorsey 1977)
2gas evolution technique by Atekwana and Krishnamurthy (1998), with modifications made by Hackley et al. (2007)
3precipitation of BaSO, described by Einsiedl and Mayer (2005)
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Table 5. Summary of analytical parameters for CO, gas stream.

Parameters Analytical Methods Detection Limit/Range Typical Precisions QC Requirements

) daily standard within 10 % of calibration,

0
Oxygen ISBT 4.0 (GC/DID) 1 uL/L to 5,000 uL/L (ppm by volume) + 10 % of reading e S
TG - - - o o
GC/TCD 0.1 % to 100 % 5-10 % relative a.cross the daily standard, duplicate analysis within 10 % of
range, RT £0.1 min each other
- - o T

Nitrogen ISBT 4.0 GC/DID 1 ul/L to 5,000 uL/L (ppm by volume)  * 10 % of reading daily standard within 10 % of calibration,

secondary standard after calibration

GC/TCD

0.1 % to 100 %

5-10 % relative across the
range, RT £0.1 min

daily standard, duplicate analysis within 10 % of
each other

Carbon Monoxide

ISBT 5.0 Colorimetric

5 ul/L to 100 ul/L (ppm by volume)

120 % of reading

duplicate analysis

ISBT 4.0 (GC/DID)

1 ul/L to 5,000 uL/L (ppm by volume)

+ 10 % of reading

daily standard within 10 % of calibration,
secondary standard after calibration

Oxides of Nitrogen

ISBT 7.0 Colorimetric

0.2 ul/L to 5 uL/L(ppm by volume)

+ 20 % of reading

duplicate analysis

Total Hydrocarbons

ISBT 10.0 THA (FID)

1 ul/L to 10,000 uL/L (ppm by volume)

5-10 % of reading relative
across the range

daily blank, daily standard within 10 % of
calibration, secondary standard after calibration

Methane

ISBT 10.1 GC/FID)

0.1 uL/L to 1,000 uL/L (ppm by volume)-

dilution dependent

5-10 % of reading relative
across the range

daily blank,daily standard within 10 % of
calibration, secondary standard after calibration

Acetaldehyde

ISBT 11.0 (GC/FID)

0.1 uL/L to 100 uL/L (ppm by volume)-
dilution dependent

5-10 % of reading relative
across the range

daily blank, daily standard within 10 % of
calibration, secondary standard after calibration

Sulfur Dioxide

ISBT 14.0 (GC/SCD)

0.01 uL/L to 50 uL/L (ppm by volume)-
dilution dependent

5-10 % of reading relative
across the range

daily blank, daily standard within 10 % of
calibration, secondary standard after calibration

Hydrogen Sulfide

ISBT 14.0 (GC/SCD)

0.01 uL/L to 50 uL/L (ppm by volume)-
dilution dependent

5-10 % of reading relative
across the range

daily blank, daily standard within 10 % of
calibration, secondary standard after calibration

Ethanol

ISBT 11.0 (GC/FID)

0.1 uL/L to 100 uL/L (ppm by volume)-
dilution dependent

5-10 % of reading relative
across the range

daily blank, daily standard within 10 % of
calibration, secondary standard after calibration

CO, Purity

ISBT 2.0 Caustic absorption Zahm-
Nagel

99.00% to 99.99%

+ 10 % of reading

User calibration per manufacturer
recommendation

ALl method SAM 4.1 subtraction
method (GC/DID)

1 ppm for each target analyte (analyte
dependent) - refer to Oxygen and
Nitrogen analysis.

5-10 % relative across the
range

duplicate analysis within 10 % of each other

GC/TCD

0.1 % to 100 %

5-10 % relative across the
range, RT £0.1 min

standard with every sample, duplicate analysis
within 10 % of each other
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Table 6. Summary of analytical parameters for corrosion coupons.

Parameters

Mass

Thickness

Analytical Methods
NACE RP0775-2005

NACE RP0775-2005

Detection Limit/Range

.005mg

.001mm

Typical Precisions
+/-2%

+/-005mm

QC Requirements

Annual Calibration of Scale (3rd Party Aldinger
Co. — Cert #664896F)

Factory calibration

Table 7. Summary of measurement parameters for field gauges.

Parameters

Methods

Detection Limit/Range

Typical Precisions

QC Requirements

Booster pump discharge pressure
(PIT-012)

Injection Tubing Temperature (TIT-
019)

Annulus Pressure (PIT-014)

Injection Tubing Pressure (PIT-009)

Injection Mass Flow Rate (FIT-006)

Westbay Pressures (MIOSDAX)

ANSI 7540-1-1994

ANSI Z540-1-1994

ANSI| 7540-1-1994

ANSI Z540-1-1994

UNKNOWN

UNKNOWN

+/- 0.001 psi/ 0-3000 psi
+/- 0.001 F / 0-500 F

+/- 0.001 psi/ 0-3000 psi
+/- 0.001 psi/ 0-3000 psi

+/- 0.1000% of rate /
50,522-303,133 Ib/hr
+/0 0.001 psi / 0-4000 PSI

+/- 0.01 psi
+/-0.01F

+/- 0.01 psi
+/- 0.01 psi
+/-0.01 Ibs/hr

+/- 0.01 psi

Annual Calibration of Scale (3" party)
Annual Calibration of Scale (3" party)

Annual Calibration of Scale (3rd party)
Annual Calibration of Scale (3" party)

Annual Calibration of Scale (3rd party)

Annual Calibration of Scale (3rd party)
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Table 8. Actionable testing and monitoring outputs.

Project Action Limit Detection Limit Anticipated Reading

Wellbore

integrity— <3% pressure loss over 1
annular hour

pressure gauge

Refer to Appendix A
(annular pressure >3% pressure loss over 1 hour
gauge table)

Wellbore
integrity—DTS
fiber optic
temperature

Action will be taken when
there is an anomaly in Refer to Appendix A
temperature profile

DTS provides continuous
temperature profile

A.4.b. Precision

For groundwater sampling, data accuracy will be assessed by the collection and analysis of field blanks
to test sampling procedures and matrix spikes to test lab procedures. Field blanks will be taken no less
than one per sampling day to spot check for sample bottle contamination. Laboratory assessment of
analytical precision will be the responsibility of the individual laboratories per their standard operating
procedures.

Table 9 summarizes the specifications of each monitoring method. For direct pressure and logging
measurements, precision data is presented in Table 10.

A.4.c.Bias

Laboratory assessment of analytical bias will be the responsibility of the individual laboratories per their
standard operating procedures and analytical methodologies. For direct pressure or logging
measurements, there is no bias.

A.4.d. Representativeness

For groundwater sampling, data representativeness expresses the degree to which data accurately and
precisely represents a characteristic of a population, parameter variations at a sampling point, a process
condition, or an environmental condition. The sampling network has been designed to provide data
representative of site conditions. For analytical results of individual groundwater samples,
representativeness will be estimated by ion and mass balances. lon balances with £10% error or less will
be considered valid. Mass balance assessment will be used in cases where the ion balance is greater
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than £10% to help determine the source of error. For a sample and its duplicate, if the relative percent
difference is greater than 10%, the sample may be considered nonrepresentative.

A.4.e. Completeness

For groundwater sampling, data completeness is a measure of the amount of valid data obtained from a
measurement system compared to the amount that was expected to be obtained under normal
conditions. It is anticipated that data completeness of 90% for groundwater sampling will be acceptable
to meet monitoring goals. For direct pressure and temperature measurements, it is expected that data
will be recorded no less than 90% of the time.

A.4.f. Comparability

Data comparability expresses the confidence with which one data set can be compared to another. The
data sets to be generated by this project will be very comparable to future data sets because of the use
of standard methods and the level of QA/QC effort. If historical groundwater quality data become
available from other sources, their applicability to the project and level of quality will be assessed prior
to use with data gathered on this project. Direct pressure, temperature, and logging measurements will
be directly comparable to previously obtained data.

A.4.g. Method Sensitivity

Tables 11-16 provide additional details on gauge specifications and sensitivities.

Table 9. Pressure and temperature—downhole quartz gauge specifications.

Calibrated working pressure range Atmospheric to 10,000 psi

Calibrated working temperature range

Temperature resolution 0.009°F at 1-s sample rate

Max temperature 302°F
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Table 10. Logging tool specifications.

RST CBL usl Isolation Scanner
Logging speed 1,800 ft/hr 3,600 ft/hr Standard resolution: 2,700 ft/hr ~ Standard resolution: 2,700 ft/hr
High resolution: 563 ft/hr High resolution: 563 ft/hr
Vertical resolution 15 inches 3ft Standard resolution: 0.6 in High resolution: 0.6 in
High speed: 6 in High speed: 6 in
Investigation Formation Casing, annulus, and formation ~ Casing and annulus Casing and annulus
Temperature rating  302°F 350°F 350°F 350°F
Pressure rating 15,000 psi 20,000 psi 20,000 psi 20,000 psi

Table 11. Pressure Field Gauge PIT-009—Injection Tubing Pressure.

Calibrated working pressure range 0 to 3000 psi and 4-20 mA

[Preseerter

Table 12. Pressure Field Gauge PIT-014—Annuls Pressure.

Calibrated working pressure range 0 to 3000 psi and 4-20 mA

Table 13. Pressure Field Gauge PIT-012.

Calibrated working pressure range 0 to 3000 psi and 4-20 mA

Table 14. Tempertature Field Gauge TIT-019 —Injection Tubing Temperature.

Calibrated working temperature range 0 to 500°F and 4-20 mA

Table 15. Mass Flow Rate Field Gauge—FT-006 CO, Mass Flow Rate.

Calibrated working flow rate range 50,522 to 303,133 Ibs/hr and
4-20 mA
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Table 16. Westbay Field Gauge—Westbay (MOSDAX) Pressure.

Calibrated working pressure range 0 to 4000 psi

Pressure resolution 0.001 psi

A.5. Special Training/Certifications

A.5.a. Specialized Training and Certifications

The geophysical survey equipment and wireline logging tools will be operated by trained, qualified, and
certified personnel, according to the service company which provides the equipment. The subsequent
data will be processed and analyzed according to industry standards (Appendix B). No specialized
certifications are required for personnel conducting groundwater sampling, but field sampling will be
conducted by trained personnel. Groundwater sampling training will be conducted by existing project
personnel already knowledgeable in project-specific sampling procedures.

A.5.b/c. Training Provider and Responsibility

Training for personnel will be provided and supervised by their respective organization that is
responsible for that data collection activity.

A.6. Documentation and Records

A.6.a. Report Format and Package Information

A semiannual report from ADM to USEPA is planned consisting of all required project data, including
testing and monitoring information as specified in the final permit. Data will be provided in electronic or
other formats as determined in consultation with the USEPA.

A.6.b. Other Project Documents, Records, and Electronic Files

Other documents, records, and electronic files such as well logs, test results, or other data will be
provided as requested by USEPA.

A.6.c/d. Data Storage and Duration

ADM will be the primary data holder for the duration of the project plus 10 years. Schlumberger will also
store Schlumberger acquired data for the duration of the project plus 10 years on a secure server and
backed up on hard drives. ISGS will provide groundwater sampling results to ADM for inclusion in the
primary data repository.

A.6.e. QASP Distribution Responsibility

The ADM Corn Plant Manager will be responsible for ensuring that all those on the distribution list will
receive the most current copy of the approved Quality Assurance and Surveillance Plan.

B. Data Generation and Acquisition
B.1. Sampling Process Design (Experimental Design)

Discussion in this section is focused on groundwater and fluid sampling and does not address monitoring
methods that do not gather physical samples (e.g., logging, seismic monitoring, and
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pressure/temperature monitoring). During the pre-injection and injection phases, groundwater
sampling is planned to include an extensive set of chemical parameters to establish aqueous
geochemical reference data. Parameters will include selected constituents that: (1) have primary and
secondary USEPA drinking water maximum contaminant levels, (2) are the most responsive to
interaction with CO, or brine, (3) are needed for quality control, and (4) may be needed for geochemical
modeling. The full set of parameters is given in Table 4. After a sufficient baseline is established,
monitoring scope may shift to a subset of indicator parameters that are (1) the most responsive to
interaction with CO, or brine and (2) are needed for quality control. Implementation of a reduced set of
parameters would be done in consultation with the USEPA. Isotopic analyses will be performed on
baseline samples to the degree that the information helps verify a condition or establish an
understanding of nonproject related variations. For nonbaseline samples, isotopic analyses may be
reduced in all monitoring wells if a review of the historical project results or other data determines that
further sampling for isotopes is unneeded. For example, tritium (*H) concentrations in groundwater
samples will be selectively used as one measure of validating well and samlple integrity. However, after
well integrity has been established, additional tritium analysis may not be necessary. During any period
where a reduced set of analytes is used, if statistically significant trends are observed that are the result
of unintended CO, or brine migration, the analytical list would be expanded to the full set of monitoring
parameters. All samples submitted for laboratory analysis (except dissolved CO, and isotopes) will be
analyzed by a National Environmental Laboratory Accreditation Program (NELAP) certified lab using
standard analytical methods. Dissolved CO, will be analyzed by methods consistent with Test Method B
of ASTM D 513-06, “Standard Test Methods for Total and Dissolved Carbon Dioxide in Water” or
equivalent. Isotopes would also be analyzed by established methods.

B.1.a. Design Strategy

CO; Stream Monitoring Strategy

The primary purpose of analyzing the carbon dioxide stream is to evaluate the potential interactions of
carbon dioxide and/or other constituents of the injectate with formation solids and fluids. This analysis
can also identify (or rule out) potential interactions with well materials. Establishing the chemical
composition of the injectate also supports the determination of whether the injectate meets the
gualifications of hazardous waste under the Resource Conservation and Recovery Act (RCRA), 42 U.S.C.
6901 et seq. (1976), and/or the Comprehensive Environmental Response, Compensation, and Liability
Act, (CERCLA) 42 U.S.C. 9601 et seq. (1980). Additionally, monitoring the chemical and physical
characteristics of the carbon dioxide (e.g., isotopic signature, other constituents) may help distinguish
the injectate from the native fluids and gases if unintended leakage from the storage reservoir occurred.
Injectate monitoring is required at a sufficient frequency to detect changes to any physical and chemical
properties that may result in a deviation from the permitted specifications.

Calibration of transmitters used to monitor pressures, temperatures, and flow rates of CO, into the
injection well at the injection well and at the verification well shall be conducted annually (e.g., Durkin
Equipment Company, St. Louis, MO). Reports shall contain test equipment used to calibrate the
transmitters, including test equipment manufacturers, model numbers, serial numbers, calibration dates
and expiration dates.

Corrosion Monitoring Strategy

Corrosion coupon analyses will be conducted quarterly to aid in ensuring that mechanical integrity of
the equipment in contact with the carbon dioxide. Coupons shall be sent quarterly to a company for
analysis (e.g., SGS) and an analysis conducted in accordance with NACE Standard RP-0775 (or similar) to
determine and document corrosion wear rates based on mass loss.
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Shallow Groundwater Monitoring Strategy

Four dedicated monitoring wells have been selected for shallow groundwater monitoring. These wells
have already been installed and screened in the Quaternary-age deposits to depths less than 150 ft
below ground surface (bgs). The local Quaternary-age deposits are used predominantly as private water
well sources in the area. The wells are designated as IL-ICCS-MVA 10LG, IL-ICCS-MVA 11LG, IL-ICCS-MVA
12LG, and IL-ICCS-MVA 13LG (Figure 4). The wells were selected to give a spatial distribution around the
planned CO, injection well (CCS#2) location and will be complemented by additional voluntary water
sampling planned in other shallow monitoring wells and selected private wells near the project site.

Deep Groundwater Monitoring Strategy

Monitoring of the deeper St. Peter and Ironton-Galesville Sandstones will be used for early leakage
detection in formations that are much closer to the Mt. Simon Sandstone injection reservoir. Fluid
sampling at wells VW#1, VW#2, and GM#2 in combination with pressure monitoring, temperature
monitoring, and RST logging will be used to determine if leakage is occurring at or near the injection
well. The Ironton-Galesville Sandstone, has sufficient permeability (over 100 mD) such that pressure
monitoring at the verification wells would detect a failure of the confining zone should it occur. MIT
testing and DTS monitoring at the injection well will also provide data to insure the mechanical integrity
of the well is maintained. With the planned sampling and monitoring frequencies, it is expected that
baseline conditions can be documented, natural variability in conditions can be characterized,
unintended brine or CO, leakage could be detected if it occurred, and sufficient data will be collected to
demonstrate that the effects of CO, injection are limited to the intended storage reservoir. No
groundwater fluid samples are planned for sampling intervals within the Mt. Simon where free phase
CO, would occur.

GM#2 Sampling

The IL-ICCS geophysical monitoring well, GM#2, will be used for fluid sampling of the St. Peter
Sandstone, a USEPA identified USDW. At prescribed frequencies (in consultation with USEPA), fluid
sampling will occur using a portable swabbing rig. Samples will be analyzed for constituents in Table 4 to
document baseline fluid chemistry and to detect changes in fluid chemistry that could be the result of
unintended brine or CO, migration should it occur. This well has been drilled and cased, but not yet
perforated.

VW#1 Sampling

The IBDP verification well, VW#1, will be used to monitor the pressure and temperature in the Ironton-
Galesville Sandstone above the Eau Claire Formation, the primary reservoir seal. This well will serve as
an early leak detection system and will allow changes above the primary caprock to be monitored.
Samples will be analyzed for constituents in Table 4 to document baseline fluid chemistry and to detect
changes in fluid chemistry that could be the result of unintended brine or CO, migration should it occur.
The well has been completed with a Westbay multilevel sampling system and fluid samples will be
collected as described by Locke et al. (2013).

VW#2 Sampling

The IL-ICCS verification well, VW#2, will allow monitoring within the Mt. Simon injection zone as well as
immediately above the Eau Claire Formation. This well will serve as an early leak detection system and
will allow changes in the injection zone to be monitored. VW#2 will be equipped with a multilevel
pressure and temperature monitoring system with fluid sampling capability at each zone through
individual hydraulically operated sliding sleeves (the specific system is being selected). The system uses
dual packers to isolate each set of discrete perforations in each of the zones being monitored. Pressure
and temperature will be continuously monitored and recorded in each of the zones. The pressure inside

22







the tubing just above the uppermost packer will be monitored and recorded as well. At prescribed
frequencies (in consultation with USEPA), fluid sampling will occur by opening the appropriate sliding
sleeve across from the zone to be sampled. Samples will be analyzed for constituents in Table 4 to
document baseline fluid chemistry and to detect changes in fluid chemistry that could be the result of
unintended brine or CO, migration should it occur. This well has been drilled and cased, but not yet
perforated.

B.1.b Type and Number of Samples/Test Runs

Groundwater sampling frequencies are detailed in Table 1.
CO, gas stream and corrosion coupon frequencies are detailed in Table 1.

B.1.c. Site/Sampling Locations

Shallow groundwater monitoring will use existing wells IL-ICCS-MVA 10LG, IL-ICCS-MVA 111G, IL-ICCS-
MVA 12LG, and IL-ICCS-MVA 13LG (Figure 4) as noted in Section B.1.a. Deep groundwater monitoring
will use existing wells VW#1, VW#2, and GM#2 (Figure 4) as noted in Section B.1.a.

CO, gas stream and corrosion coupon sampling locations will occur in the compressor building after the
last stage of compression.

B.1.d. Sampling Site Contingency

The shallow and deep groundwater monitoring wells are located on property of the project participants
(e.g., ADM, Richland Community College) and access permissions have already been granted. No
problems of site inaccessibility are anticipated. If inclement weather makes site access difficult, sampling
schedules will be reviewed and alternative dates may be selected that would still meet permit-related
conditions.

No problems of site inaccessibility are anticipated for CO, gas stream or corrosion coupon sampling. If
inclement weather makes site access difficult, sampling schedules will be reviewed and alternative dates
may be selected that would still meet permit related conditions.

B.1.e. Activity Schedule

The groundwater sampling activities and frequencies are summarized in Table 1.
The CO, gas stream and corrosion coupon sampling activities and frequencies are summarized in Table
1.

B.1.f. Critical/Informational Data

During both groundwater sampling and analytical efforts, detailed field and laboratory documentation
will be taken. Documentation will be recorded in field and laboratory forms and notebooks. Critical
information will include time and date of activity, person/s performing activity, location of activity (well-
field sampling) or instrument (lab analysis), field or laboratory instrument calibration data, purge
volume, field parameter values. For laboratory analyses, much of the critical data are generated during
the analysis and provided to end users in digital and printed formats. Noncritical data may include
appearance and odor of the sample, problems with well or sampling equipment, and weather
conditions.

B.1.g. Sources of Variability

Potential sources of variability related to monitoring activities include (1) natural variation in fluid
quality, formation pressure and temperature and seismic activity; (2) variation in fluid quality, formation
pressure and temperature, and seismic activity due to project operations; (3) changes in recharge due to
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rainfall, drought, and snowfall; (4) changes in instrument calibration during sampling or analytical
activity; 5) different staff collecting or analyzing samples; (6) differences in environmental conditions
during field sampling activities; (7) changes in analytical data quality during life of project; and (8) data
entry errors related to maintaining project database.

Activities to eliminate, reduce, or reconcile variability related to monitoring activities include (1)
collecting long-term baseline data to observe and document natural variation in monitoring parameters,
(2) evaluating data in timely manner after collection to observe anomalies in data that can be addressed
by resampled or reanalyzed, (3) conducting statistical analysis of monitoring data to determine whether
variability in a data set is the result of project activities or natural variation, (4) maintaining weather-
related data using on-site weather monitoring data or data collected near project site (such as from local
airports), (5) checking instrument calibration before, during and after sampling or sample analysis, (6)
thoroughly training staff, (7) conducting laboratory quality assurance checks using third party reference
materials, blind and replicate sample checks, and (8) developing a systematic review process of data
that can include sample-specific data quality checks (i.e., cation/anion balance for agueous samples).

B.2. Sampling Methods

Logging, geophysical monitoring, and pressure/temperature monitoring does not apply to this section,
and is omitted.

B.2.a/b. Sampling SOPs

Groundwater samples will be collected primarily using a low-flow sampling method consistent with
ASTM D6452-99 (2005) or Puls and Barcelona (1996). If a flow-through cell is not used, field parameters
will be measured in grab samples. Groundwater and residential wells will be purged to ensure samples
are representative of formation water quality. Static water levels in each well will be determined using
an electronic water level indicator before any purging or sampling activities begin. Dedicated pumps
(e.g., bladder pumps) will be installed in each monitoring well to minimize potential cross contamination
between wells. Groundwater pH, temperature, specific conductance, and dissolved oxygen will be
monitored in the field using portable probes and a flow-through cell consistent with standard methods
(e.g., APHA, 2005) given sufficient flow rates and volumes. Field chemistry probes will be calibrated at
the beginning of each sampling day according to equipment manufacturer procedures using standard
reference solutions. When a flow-through cell is used, field parameters will be continuously monitored
and will be considered stable when three successive measurements made three minutes apart meet the
criteria listed in Table 17.

Table 17. Stabilization criteria of water quality parameters during shallow well purging.

FIELD PARAMETER STABILIZATION CRITERIA

pH +/- 0.2 units

Temperature +/-1°C

Specific Conductance +/- 3% of reading in uS/cm

Dissolved Oxygen +/- 10% of reading or 0.3 mg/L whichever is greater

After field parameters have stabilized, samples will be collected. Samples requiring filtration will be
filtered through 0.45 pum flow-through filter cartridges as appropriate and consistent with ASTM D6564-
00. Prior to sample collection, filters will be purged with a minimum of 100 mL of well water (or more if
required by the filter manufacturer). For alkalinity and total CO, samples, efforts will be made to
minimize exposure to the atmosphere during filtration, collection in sample containers, and analysis.
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For deep groundwater sampling of VW#1, ISGS-SOP-WB-V1.14 (dated August 10, 2012) will be used for
the collection and processing of Westbay samples. Wells GM#2 and VW#2 will not have a Westbay
installation for sampling are anticipated to use a wireline sampling system with a sampling device (e.g.,
Kuster sampler or similar) capable of collecting a sample from a discrete interval. Samples from GM#2
and VW#2 will be processed in a manner consistent with ISGS-SOP-WB-V1.14.

VW#1 was developed and purged extensively at the time of completion and similar plans to develop
VM#2 are in place and will be executed when completion occurs. Prior to sampling, each zone will be
purged to ensure representative samples are collected. Due to the extensive well development, the
amount of fluid to be purged at the time of sampling will be relatively small. If a three-foot zone is
perforated (similar to VW#1), then the annular space between the 2-7/8-in. tubing and the 5-1/2-in.
casing is only 1.92 gal. Thus, relatively small purge volumes will adequately refresh each isolated
sampling interval. Similar purging techniques will be used for VW#1 and VW#2. Additional information
about sampling procedures at VW#1 are given in Locke et al. (2013).

For VW#2, it is anticipated that air lifting with nitrogen will be used to draw fluid into the well for
purging. A gas lift valve placed in the tubing string at approximately 1,200 ft below ground surface at the
time of the completion. The sampler will be positioned at the same elevation as the discrete perforated
interval, and a sample would be collected after sufficient purging.

B.2.c. In-situ Monitoring.

In-situ monitoring of groundwater chemistry parameters is not currently planned.

B.2.d. Continuous Monitoring.

Pressure data will be collected from shallow groundwater wells on a periodic basis (e.g., hourly to daily)
using dedicated pressure transducers with data loggers to generally characterize shallow water level
trends. These data are informational only.

B.2.e. Sample Homogenization, Composition, Filtration.

Described in section B.2.b.

B.2.f. Sample Containers and Volumes

For CO, stream monitoring, samples will be collected using mini cylinders and/or polybags cleaned and
provided by a certified lab (e.g., Airborne Labs International Inc., Somerset, NJ is ISO/IEC 17025
Accredited).

Assay for CO, Quarterly Gas Analysis:

. CO, Purity (% v/v, [GC])

. Oxygen (O, ppm v/v)

. Nitrogen (N,, ppm v/v)

. Carbon Monoxide (CO, ppm v/v)

o Oxides of Nitrogen (NOx, ppm v/v)

o Total Hydrocarbons (THC, ppm v/v as CH,)
. Methane (CH,4, ppm v/v)

. Acetaldehyde (AA, ppm v/v)

. Sulfur Dioxide (SO,, ppm v/v)

. Hydrogen Sulfide (H,S ppm v/v)
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. Ethanol (ppm v/v)

For shallow and deep groundwater samples, all sample bottles will be new. Sample bottles and bags for
analytes will be used as received (ready for use) from the vendor or contract analytical laboratory for
the analyte of interest. A summary of sample containers is presented in Table 19.

B.2.g. Sample Preservation

For groundwater and other aqueous samples, the preservation methods in Table 19 will be used.

No preservation is required or used for CO, gas stream, and additional details of sampling requirements
are shown in Table 18. Corrosion coupon sampling only requires that the coupons be physically
separated (e.g., sleeves, baggies) during transportation to prevent physical abrasion.

Table 18. Summary of sample containers, preservation treatments, and holding times for CO, gas stream analysis.

Volume/Container Preservation Sample Holding time

Target Parameters
8 Material Technique (max)

(2) 2L MLB Polybags  Sample Storage

CO; gas stream
= Cabinets

5 Business Days

(1) 75 cc Mini
Cylinder

B.2.h. Cleaning/Decontamination of Sampling Equipment

Dedicated pumps (e.g., bladder pumps) will be installed in each groundwater monitoring well to
minimize potential cross contamination between wells. These pumps will remain in each well
throughout the project period except for maintenance. Prior to installation, the pumps will be cleaned
on the outside with a nonphosphate detergent. Pumps will be rinsed a minimum of three times with
dionized water and a minimum of 1 L of dionized water will be pumped through pump and sample
tubing. Individual cleaned pumps and tubing will be placed in plastic garbage bags for transport to the
field for installation. All field glassware (pipets, beakers, filter holders, etc.) are cleaned with tap water
to remove any loose dirt, washed in a dilute nitric acid solution, and rinsed three times with deionized
water before use.

CO, gas stream sampling containers will be either disposed or decontaminated by the analytical lab.
No sampling equipment will be utilized with the corrosion coupons or annual field gauge calibrations.

B.2.i Support Facilities

For sampling of groundwater, the following are required: air compressor, vacuum pump, generator,
multielectrode water quality sonde, analytical meters (pH, specific conductance, etc.). Field activities are
usually completed in field vehicles and portable laboratory trailers located on site.

Sampling tubing, connectors and valving required to sample the CO, gas stream will be supplied by the
analytical lab providing the sampling containers. Sampling will occur within the existing CO, compression
building.
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Similarly, corrosion coupons will be removed from the CO, injection line within the existing CO,
compression building.

Field gauges will be removed from the injection well and verification well utilizing existing Schlumberger
and ADM equipment such as wrenches. Verification well gauges will be removed following existing
procedures and equipment utilized by Schlumberger associated with Westbay string removal and
insertion.

B.2.j. Corrective Action, Personnel, and Documentation

Field staff will be responsible for properly testing equipment and performing corrective actions on
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, then
equipment will be returned to the manufacturer for repair or replaced. Significant corrective actions
affecting analytical results will be documented in field notes.

B.3. Sample Handling and Custody

Logging, geophysical monitoring, and pressure/temperature monitoring does not apply to this section,
and is omitted.

Sample holding times (Table 19) will be consistent with those described in US EPA (1974), American
Public Health Association (APHA, 2005), Wood (1976), and ASTM Method D6517-00 (2005). After
collection, samples will be placed in ice chests in the field and maintained thereafter at approximately
4°C until analysis. Samples will be sent to a National Environmental Laboratory Accreditation Program
(NELAP) accredited laboratory or International Laboratory Accreditation Corporation (ILAC) accredited
Laboratory within 24 hours of collection by the most expedient method available (likely overnight
Federal Express or UPS) while still maintaining samples at approximately 4°C. Analysis of the samples will
be completed within the holding time listed in Table 19.

B.3.a Maximum Hold Time/Time Before Retrieval

See Table 19.

B.3.b. Sample Transportation

See description at the beginning of Section B.3.

B.3.c. Sampling Documentation

Field notes will be collected for all groundwater samples collected. These forms will be retained and
archived as reference. The sample documentation is the responsibility of groundwater sampling
personnel.

An analysis authorization form shall be provided with each CO, gas stream sample provided for analysis
as shown in Figure 6.

B.3.d. Sample Identification

All sample bottles will have waterproof labels with information denoting project, sampling date,
sampling location, sample identification number, sample type (freshwater or brine), analyte, volume,
filtration used (if any), and preservative used (if any). See Figure 5 for an example.
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Table 19. Summary of anticipated sample containers, preservation treatments, and holding times.

Target Parameters

Dissolved CO,

Isotopes: °H, 8D, §'°0, 5**s,
and 8°C

Isotopes: 8D, §*%0, §*C

Field Confirmation:
Temperature, dissolved
oxygen, specific conductance,

pH

Volume/Container Preservation
Material Technique

2 x 60 ml/HDPE Filtered, cool 4°C

2 x 60 ml//HDPE

Filtered, cool 4°C

60 ml/HDPE Filtered, cool 4°C

200 ml/glass jar

Sample Holding
time

14 days

4 weeks

4 weeks
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IL-ICCS_10LG_20A (fresh water)
01-23-2014
Metals, 60 ml, filtered, HNO;

Figure 5. Example label for groundwater sample bottles.
CO, gas stream samples shall be labeled with the labels provided by the analytical lab.

Corrosion coupons are stamped identifying the type of metal of the coupon. No additional labeling is
required.

B.3.e. Sample Chain-of-Custody

For CO, stream analysis, an analysis authorization form (Figure 6) will accompany the sample to the lab
at which point a chain-of-custody accompanies the sample through their processes.

For groundwater samples, chain-of-custody will be documented using a standardized form. A typical
form is shown in Figure 7, and it or a similar form will be used for all groundwater sampling. Copies of
the form will be provided to the person/lab receiving the samples as well as the person/lab transferring
the samples. These forms will be retained and archived to allow simplified tracking of sample status. The
chain-of -custody form and record keeping is the responsibility of groundwater sampling personnel.

B.4. Analytical Methods

Logging, geophysical monitoring, and pressure/temperature monitoring does not apply to this section,
and is omitted.

B.4.a. Analytical SOPs

ISGS analytical SOPs are referenced in Table 4. Other laboratory specific SOPs utilized by the NELAP
certified laboratory will be determined after a contract laboratory has been selected.

B.4.b. Equipment/Instrumentation Needed

Equipment and instrumentation is specified in the individual analytical methods referenced in Table 4.

B.4.c. Method Performance Criteria

Nonstandard method performance criteria are not anticipated for this project.

B.4.d. Analvtical Failure

Each laboratory conducting the analyses in Table 4 will be responsible for appropriately addressing
analytical failure according to their individual SOPs.

B.4.e. Sample Disposal

Each laboratory conducting the analyses in Table 4 will be responsible for appropriate sample disposal
according to their individual SOPs.

B.4.f Laboratory Turnaround

Laboratory turnaround will vary by laboratory, but generally turnaround of verified analytical results
within one month will be suitable for project needs.
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B.4.g. Method Validation for Nonstandard Methods

Nonstandard methods are not anticipated for this project. If nonstandard methods are needed or
proposed in the future, the USEPA will be consulted on additional appropriate actions to be taken.
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Airborne Labs International Inc.

22C World's Falr Drive, Somessel, MJ D3873  Fac 732-302-3035  Phone: 732-312-1350
E-mail: alromelabsfiaci.com 'Wiabsite: ww. alromealaks. com

Analysis Authorization

This form MUST be completed & returned with a sample shipment
1.} Report Results to*:

Company: Sampled On (mm/ddiyy):
Address: PO &

Address: Credit Card: visa Amex MasierCard Discover
Address: Card #:

Address: Cardholder:

Attention: Exp. Date:

Telephone: { 1 Chech #:

Fax: { 1 Other:

E-Mail: Pricing Discussed/Quoted? ¥ N
*Pleasa attach complate billing addres:s If different from reporting address.

) Number of Samples Submitied; __ Container Type(s):

J.) Sample Description (circle): Liquid CO; CO2 (Final) Vapor CO2 Feedgas®* CO; In-Process
Food Grade CO; LIN LOX LAR RELOX (Reboiler) ABO

“F CO, Feedgas —dentily source je.g. Ethanol/AmmonkaMat. WellEthylene/Combustien, Self-Gan, stc)
Awiator Breathing Oxygen (ABO) Natural Gas Refinery Gas 5SynGas Propane Butane Air Oxygen

Mitrogen Argon  Hydrogen Helium Meon Xenon Krypton Freon™ Refrigerant
Gas Mixture Fuel Dil Lubricant

Other |Describe):

4.) Sample T (Check) : Industrial Medical MilSpec Other

(attach a log for multiple samples)

5.) Sample 1D:

6.) Potential Hazards/Safety Issues:

I.) Analytical Test{s) Requested (check program or select individual tests required where applicable):

Std ISBTVendor CO, Test Program 5td COy Feadgas Program 5fd CGA Test Program, 5td Medical Gas

Std Contract Program " Bbd ASTM Test Program MIL Spec Test Program

WPty THC CH; THMHC Vol Hytrocamons (C1-C5) BTEX Waler vapor  NVRMNWVOR OliGrease Tolal Sulhwr H:S 50

COS MeSH t-Butyl Mercaptan Vol Sulfur Compnds  Odomants TotalMWErogen M MO, NHy MO NO; HCON  Niious Cedde (MyO)

PH: Oxygen Amon Hydmogen Helum C©O CO; Xenon  Meon Kryplon Winyl Chionde Acstaldehyse Vol Oxygenales  GC/MS Scan
IR Scan IR Microscope  Halogenaled Hydrocarsons 5F;  Gas Mikhae% Biu{Heat) Content % CHMO  Sediment Wi Paich Test

Viscosty  FlashiFire Point  Density  Speciic Gravity TraceMetals TAM TBM  XRF  SEM-XRF Scan  Light Micmscope

Other Testing:

8.) Sample Disposition

Retain for Period Perform Clean-up/Maintenance Actions & Retum® Report for Instructions
Other:

*Supply all refum address & shipping Inatructions

9.) Report Disposition (circle one): E-Mail Fax Mail Telephone Other
[Re willl be the address & contaci(s) speciNed at the fop of this form)

10.] Priority Conditions (circle), Note: Additional fees will apply for non-std test scheduling:
Standard 2-Work Day 1-Work Day Same Day Emergency Other:

Analytical tesfing canpot be performed unless this form is completed & refurned
Paga ]l of 1 F-18+%3 (D52011)

Figure 6. CO, gas stream analysis authorization form.
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;‘ PRAIRIE
RESEARCH INSTITUTE

CHAIN OF CUSTODY RECORD (Page __ of __

lllinois State Water Survey — Analytical Services Group
lllincis State Geological Survey — Geochemistry Section

For Midwest Geological Sequestration Consortium (MGSC) Projects

MGSC

D ISGS MVA ID Matrix

Date
Collected

Time
Collected

Sampling
Team

Circle analyses to be performed

—_

anions, cations,

TDS,

alk

NHs,

NVOC

anions,

cations,

TDS,

alk

NHs,

NVOC

anions,

cations,

TDS,

alk,

NHa,

NVOC

anions,

cations,

TDS,

alk

NHa,

NVOC

anions,

cations,

TDS,

alk

NHa,

NVOC

anions,

cations,

TDS,

alk,

NHa,

NVOC

anions,

cations,

TDS,

alk,

NHa,

NVOC

anions,

cations,

TDS,

alk,

NHs,

NVOC

© |0 N o o | » N

anions,

cations,

TDS,

alk,

NHs,

NVOC

a
o

anions,

cations,

TDS,

alk,

NHs,

NVOC

N
-

anions,

cations,

TDS,

alk,

NHs,

NVOC

N
N

anions,

cations,

TDS,

alk,

NHs,

NVOC

i
N

CHAIN OF CUSTODY

Relinquished by:

Print Name:

Date and Time:

Received by:

Print Name:

Date and Time:

General Remarks: - Field parameters are to be recorded on separate sheets by sampling teams.
- Any special laboratory instructions or remarks should be made below.

Data Contacts:

Fund:

Billing Contact:

Billing Address:

Send Data To:

Remarks:

Rev. Oct. 2011 (RL)

Figure 7. Example chain-of-custody form.
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B.5. Quality Control

Geophysical monitoring and pressure/temperature monitoring does not apply to this section, and is
omitted. For log quality control, please refer to Appendix B.

B.5.a. QC activities

Blanks

For shallow groundwater sampling, a field blank will be collected and analyzed for the inorganic analytes
in Table 4 at a frequency of 10% or greater. Field blanks will be exposed to the same field and transport
conditions as the groundwater samples. Blanks will also be utilized for deep groundwater sampling and
analyzed for the inorganic analytes in Table 4 at a frequency of 10% or greater. Field blanks will be used
to detect contamination resulting from the collection and transportation process.

Duplicates

For each shallow groundwater sampling round, a duplicate groundwater sample is collected from a well
from a rotating schedule. Duplicate samples are collected from the same source immediately after the
original sample in different sample containers and processed as all other samples. Duplicate samples are
used to assess sample heterogeneity and analytical precision.

B.5.b. Exceeding Control Limits

If the sample analytical results exceed control limits (i.e., ion balances > £10%), further examination of
the analytical results will be done by evaluating the ratio of the measured total dissolved solids (TDS) to
the calculated TDS (i.e., mass balance) per APHA method. The method indicates which ion analyses
should be considered suspect based on the mass balance ratio. Suspect ion analyses are then reviewed
in the context of historical data and interlaboratory results, if available. Suspect ion analyses are then
brought to the attention of the analytical laboratory for confirmation and/or reanalysis. The ion balance
is recalculated, and if the error is still not resolved, suspect data are identified and may be given less
importance in data interpretations.

B.5.c. Calculating Applicable QC Statistics

Charge Balance

The analytical results are evaluated to determine correctness of analyses based on anion-cation charge
balance calculation. Because all potable waters are electrically neutral, the chemical analyses should
yield equally negative and positive ionic activity. The anion-cation charge balance will be calculated
using the formula:

0 Y cations—Y anions

% dif ference = 10

(Equation 1)

Y cations+Y anions ’

where the sums of the ions are represented in milliequivalents (meq) per liter and the criteria for
acceptable charge balance is £10%.

Mass Balance

The ratio of the measured TDS to the calculated TDS will be calculated in instances where the charge
balance acceptance criteria are exceeded using the formula:

measured TDS

10< ———< 1.2, (Equation 2)
calculated TDS
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where the anticipated values are between 1.0 and 1.2.

Outliers

A determination of one or more statistical outliers is essential prior to the statistical evaluation of
groundwater. This project will use the USEPA’s Unified Guidance (March 2009) as a basis for selection of
recommended statistical methods to identify outliers in groundwater chemistry data sets as
appropriate. These techniques include Probability Plots, Box Plots, Dixon’s test, and Rosner’s test. The
EPA-1989 outlier test may also be used as another screening tool to identify potential outliers.

B.6. Instrument/Equipment Testing, Inspection, and Maintenance

Logging tool equipment will be maintained as per wireline industry best practices (Appendix B).

For groundwater sampling, field equipment will be maintained, factory serviced, and factory calibrated
per manufacturer’'s recommendations. Spare parts that may be needed during sampling will be included
in supplies on-hand during field sampling.

For all laboratory equipment, testing, inspection and maintenance will be the responsibility of the
analytical laboratory per standard practice, method-specific protocol, or NELAP requirement.

B.7. Instrument/Equipment Calibration and Frequency

Geophysical monitoring does not apply to this section, and is omitted.

B.7.a. Calibration and Frequency of Calibration

Pressure/temperature gauge calibration information is located in Figures 8, 9, 10, 11, and 13. Logging
tool calibration will be at the discretion of the service company providing the equipment, following
standard industry practices noted in Appendix B. Calibration frequency will be determined by standard
industry practices.

For groundwater sampling, portable field meters or muliprobe sondes used to determine field
parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) are calibrated according to
manufacturer recommendations and equipment manuals (Hach, 2006) each day before sample
collection begins. Recalibration is performed if any components yield atypical values or fail to stabilize
during sampling.

B.7.b. Calibration Methodology
Logging tool calibration methodology will follow standard industry practices in Appendix B.

For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a potassium
chloride solution yielding a value of 1413 microseimens per centimeter (uS/cm) at 25°C for specific
conductance, and a 100% dissolved O, solution for dissolved oxygen. Calibration is performed for the pH
meters per manufactuer’s specifications using a 2-point calibration bounding the range of the sample.
For coulometry, sodium carbonate standards (typically yielding a concentration of 4,000 mg CO./L) are
routinely analyzed to evaluate instrument.

B.7.c. Calibration Resolution and Documentation

Logging tool calibration resolution and documentation will follow standard industry practices in
Appendix B.
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For groundwater sampling, calibration values are recorded in daily sampling records and any errors in
calibration are noted. For parameters where calibration is not acceptable, redundant equipment may be
used so loss of data is minimized.

B.8. Inspection/Acceptance for Supplies and Consumables

B.8.a/b. Supplies, Consumables, and Responsibilities

Supplies and consumables for field and laboratory operations will be procured, inspected, and accepted
as required from vendors approved by ADM, Schlumberger, and the ISGS for their respective data
collection activities. Acquisition of supplies and consumables related to NELAP related analyses, will be
the responsibility of the NELAP-certified laboratory per established standard methodology or operating
procedures.

B.9. Nondirect Measurements

Seismic Monitoring Methods

B.9.a Data Sources

For time lapse vertical seismic profile (VSP) and time lapse 3D surveys, repeatability is paramount for
accurate differential comparison. Therefore, to ensure survey quality, the locations for the shots and
acquisition methodology of sequential surveys will be consistent. Geophones in GM#1 and GM#2 will be
used for these seismic surveys. Once these surveys are conducted, they will be compared to a baseline
survey to track and monitor plume development.

For in-zone pressure monitoring, the in-zone pressure gauges in VW#1 and VW#2 will be used to gather
pressure data.

B.9.b. Relevance to Project

Time lapse VSP will be used to track changes in the CO, plume in the subsurface. Processing and
comparing subsequent surveys to a baseline will allow project managers to monitor plume growth, as
well as to ensure that the plume does not move outside of the intended storage reservoir. Numerical
modeling will be used to predict the CO, plume growth and migration over time by combining the
processed seismic data with the existing geologic model.

In-zone pressure monitoring data will be used in numerical modeling to predict plume and pressure
front behavior and confirm the plume stage within the AOR.

B.9.c. Acceptance Criteria

Following standard industry practices will ensure that the gathered seismic data will be used for
accurate modeling and monitoring. Similar ground conditions, shot points located within tolerable limits,
functional geophones, and similar seismic input signal will be used from survey to survey to ensure
repeatability.

When processing seismic data, several QA checks will be done in accordance with industry standards
including reformatting to Omega structured files, geometry application, amplitude compensation,
predictive deconvolution, elevation statics correction, RMS amplitude gain, velocity analysis every 2 km,
NMO application using picked velocities, CMP stacking, random noise attenuation, and instantaneous
gain.
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B.9.d. Resources/Facilities Needed

Schlumberger will provide or subcontract all necessary resources and facilities concerning seismic
monitoring and in-zone pressure monitoring. In coordination with ADM and Schlumberger, the 1SGS will
provide resources and facilities to conduct the proposed groundwater sampling.

B.9.e. Validity Limits and OperatingCconditions

For seismic surveys and numerical modeling, intraorganizational checks between trained and
experienced personnel will ensure that all surveys and numerical modeling are conducted conforming to
standard industry practices.

B.10. Data Management

B.10.a. Data Management Scheme

All data will be held by ADM, the primary data repository for the project, for the duration of the project
plus 10 years. SCS will hold copies of all data gathered by SCS for the duration of the project plus 10
years, and the ISGS will also hold copies of data collected by ISGS. SCS derived data will be held on
secure servers off-site.

B.10.b. Record-keeping and Tracking Practices

All records of gathered data will be securely held and properly labeled for auditing purposes.

B.10.c. Data Handling Equipment/Procedures

All equipment used to store data will be properly maintained and operated according to proper industry
techniques. ADM SCADA system and Schlumberger RTAC systems will interface with one another and all
subsequent data will be held on a secure server off-site.

B.10.d. Responsibility

The primary project managers will be responsible for ensuring proper data management is maintained.

B.10.e. Data Archival and Retrieval

All data will be held by ADM, with copies of data gathered by the ISGS and Schlumberger. These data
will be maintained and stored for auditing purposes as described in section B.10.a.

B.10.f. Hardware and Software Configurations

All ADM, Schlumberger, and ISGS hardware and software configurations will be appropriately interfaced.

B.10.g. Checklists and Forms

Checklists and forms will be procured and generated as necessary.
C. Assessment and Oversight

C.1. Assessments and Response Actions

C.1.a. Activities to be Conducted

Please refer to Table 1 in section A.3.a/b. (Summary of work to be performed and work schedule);
groundwater quality data will be collected at the frequency outlined in that table. After completion of
sample analysis, results will be reviewed for QC criteria as noted in section B.5. If the data quality fails to
meet criteria set in section B.5., samples will be reanalyzed, if still within holding time criteria. If outside
of holding time criteria, additional samples may be collected or sample results may be excluded from
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data evaluations and interpretations. Evaluation for data consistency will be performed according to
procedures described in the USEPA 2009 Unified Guidance (USEPA, 2009).

C.1.b. Responsibility for Conducting Assessments

Organizations gathering data will be responsible for conducting their internal assessments. All stop work
orders will be handled internally within individual organizations.

C.1.c. Assessment Reporting

All assessment information should be reported to the individual organizations project manager outlined
inA.1.a/b.

C.1.d. Corrective Action

All corrective action affecting only an individual organization’s data collection responsibility should be
addressed, verified, and documented by the individual project managers and communicated to the
other project managers as necessary. Corrective actions affecting multiple organizations should be
addressed by all members of the project leadership and communicated to other members on the
distribution list for the QASP. Assessments may require integration of information from multiple
monitoring sources across organizations (operational, in-zone monitoring, above-zone monitoring) to
determine whether correction actions are required and/or the most cost-efficient and effective action to
implement. ADM will coordinate multiorganization assessments and corrective actions as warranted.

C.2. Reports to Management

C.2.a/b. QA status Reports

QA status reports should not be needed. If any testing or monitoring techniques are changed, the QASP
will be reviewed and updated as appropriate in consultation with USEPA. Revised QASPs will be
distributed by ADM to the full distribution list at the beginning of this document.

D. Data Validation and Usability
D.1. Data Review, Verification, and Validation

D.1.a. Criteria for Accepting, Rejecting, or Qualifying Data

Groundwater quality data validation will include the review of the concentration units, sample holding
times, and the review of duplicate, blank and other appropriate QA/QC results. All groundwater quality
results will be entered into a database or spreadsheet with periodic data review and analysis. Copies of
analytical results and/or reports from the laboratories producing results will be gathered by the ISGS.
Analytical results will be reported on a frequency based on the approved UIC permit conditions. In the
periodic reports, data will be presented in graphical and tabular formats as appropriate to characterize
general groundwater quality and identify intrawell variability with time. After sufficient data have been
collected, additional methods, such as those described in the USEPA 2009 Unified Guidance (USEPA,
2009), will be used to evaluate intrawell variations for groundwater constituents, to evaluate if
significant changes have occurred that could be the result of CO, or brine seepage beyond the intended
storage reservoir.
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D.2. Verification and Validation Methods

D.2.a. Data Verification and Validation Processes

See sections D.1.a. and B.5.

Appropriate statistical software will be used to determine data consistency.

D.2.b. Data Verification and Validation Responsibility

The ISGS will verify and validate groundwater sampling data.

D.2.c. Issue Resolution Process and Responsibility

The ISGS MVA Program Coordinator will overview the groundwater data handling, management, and
assessment process. Staff involved in these processes will consult with the Coordinator to determine
actions required to resolve issues.

D.2.d. Checklist, Forms, and Calculations

Checklists and forms will be developed specifically to meet permit requirements. Table 20 provides an
example of the type of information used for data verification of groundwater quality data.

Table 20. Example table of criteria used to evaluate data quality.

MVAID Anion Cation Charge  CBrating Calculated Measured  TDS ratio TDS
charge charge balance TDS TDS rating

ICCS_10B_01A 14.4 13.60 -2.84 pass 760.50 785 1.0 pass

ICCS_10B_02A 14.26 15.06 2.73 pass 783.03 777 1.0 pass

ICCS_10B_03A 14.39 14.96 1.94 pass 786.86 806 1.0 pass

ICCS_10B_04A 14.39 14.79 1.38 pass 780.15 777 1.0 pass

ICCS_10B_048B 14.33 14.90 1.96 pass 780.95 785 1.0 pass

D.3. Reconciliation with User Requirements

D.3.a. Evaluation of Data Uncertainty

Statistical software will be used to determine groundwater data consistency using methods consistent
with USEPA 2009 Unified Guidance (USEPA, 2009).

D.3.b. Data Limitations Reporting

The organization-level project managers will be responsible for ensuring that data developed by their
respective organizations is presented with the appropriate data-use limitations.

For the ISGS, the IBDP has developed an operating procedure on the use, sharing and presentation of
results for its project. This procedure has been developed to ensure quality, internal consistency and
facilitate tracking and record keeping of data end users and associated publications. The ISGS will handle
groundwater data collected for the IL-ICCS project in a similar manner.
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WellWatcher Ultrg

Distributed Temperature System

APPLICATIONS
a Distributed temperature
measurements

= Control of production rates
and drawdown

= Monitoring

¢ Reservoir flow contributions
and decline

o Gas lift optimization and
tubing integrity
¢ Heavy oil thermal recovery
= Production allocation
s |njection profiling
= QGas lift optimization
= Riser flow assurance

FEATURES
« Fiber-optic distributed tempera-
ture sensing technology

= No downhole electronics

s Simple-to-use surface
software, with auto-setup
and optimization

= Reliable, robust instrument
and extended system life

s Best-in-class measurements
o Fast temperature resolution
¢ 15-km [9.32-m] range,

6 doubled-ended or

12 single-ended channel
interrogation

The WellWatcher Ultra* distributed temperature
system provides detailed information related to a
reservoir's performance through the acquisition of
temperature profiles. The extremely versatile system
can measure up to 15 km [9.32 mi] of fiber at a meter's
resolution, update data in just a few seconds, resolve
temperatures to 0.01 degC [0.018 degF], and interro-
gate numerous fibers from one surface system. The
data obtained are available as soon as the measure-
ment is taken. They are communicated via various
industry-standard protecols or those customized by
Schlumberger’s engineering team to the specifics

of a particular installation. The data are combinable
with data obtained by other Schlumberger sensors,
and experts are available to help design the best
solution for a particular situation.

ACQUISITION RESULTS

Distributed temperature sensing (DTS} acquisition is
configured based on the application. This configura-
tion is typically made up of a combination of profiles,
zones, and real-time alarms. Profiles include temper-
ature measurements taken at regular intervals along
the fiber. This information can be used to measure
reservoir performance and to monitor completion
integrity, thereby helping ensure downstream flow.
Zonal areas of interest can be specified to facilitate
real-time monitoring in SCADA systems and to trig-
ger alarms for critical indicators.

DTS DATA HANDLING

Profile data are temperature measurement profiles
of the entire fiber cable consisting of a series of
data points. Zone data are statistical data from a
particular specified section of the fiber, processed
according to specification. Alarm data trigger a
signal according to specifications.
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In & heavy oil steam injactor, the fibar is connected to the acquisition unit at both ands (for a doublg-ended configuration)
to provide a complatsly compansated correction for any losses in the fiber. This arrangement helps ensure the maximum
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WellWatcher Ultra Distributed Temperature System

BENEFITS
s Permanent in-well
reservoir monitoring

= Enhanced recovery
through improved
reservoir surveillance

= Improved production
management

= Faster identification of
production problems through
best-in-class temperature
resolution

= Cost-effective transient
analysis

« Fewer interventions

« |mproved optics, allowing
fiber logging for a longer
time, increasing system life

= Improved reliability

and accuracy for high-

temperature monitoring

systems

Depth

Temperature

In a gas injection well with 8
slugging injection valve, distributed
temperature maasurements can
quickly identify a problem valve,
saving time during valve replacement
and minimizing lost production.

IT INTEGRATION

The WellWatcher Ultra DTS acquisition unit has a
robust database that stores all acquired data on site
with local backup. In addition, various technologies
are available to integrate the data seamlessly into
any IT environment. Industry-standard technologies
such as the Modbus communication protocol, OPC
open connectivity, wellsite information transfer
standard markup language (WITSML), and SQL
database replication can be used to deliver the data
in real time to SCADA systems, data historians, the
Schlumberger InterACT* real-time monitoring and
data delivery secure Web service, or simply to
Microsoft Excel® software on a personal computer.

IT INTEGRATION SUCCESS

A Schlumberger client had a fiber-optic DTS installed
in a production field and wanted to integrate the data
into its IT environment. The client wanted the data
stored and viewable locally but required that the
information be quickly accessible from the main
office. With the WellWatcher Ultra DTS acquisition
unit, the well profiles could be stored locally, the
WITSML files provided locally for quick retrieval,

and the data uploaded into the reservoir manage-
ment system. Modbus output provided basic system
alarms linked directly to the local control room to
help ensure asset integrity.

WellWatcher Ultra Resolution
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o
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8010 The log/log metrology plot shows
E : the time required for a typical
E] WallWatcher Ultra DTS acquisition
[<3 unit out of calibration to reach
é certsin tampersature resolutions for
s 10 km of fiber. Additional optimiza-
= tion is possible to further improve
i rasults, depanding on the applica-
i tion requiraments.
0.01 ¢
Cycle time, s
Specifications
Range, km [mi} 15(9.32)
Spatial resolution, m [ft] 1-4[3.3-13.1]
Sample interval, m [ft] 0.5-2 [1.64-6.56}
Calibration accuracy, degC [degF] 0.5 (+0.9) at (0-8 km); 1 [+1.8) at {8-12 km)
Number of loops or fibers 6 double-ended or 12 single-ended
Fiber type 50 um, multimode

DTS physical dimensions

3U 18-in, rack mounted or mobile

Operating temperature, degC [degF)

01040 (32 to 104]

Storage temperature, degC [degF]

~20 10 65 [~4 to 149]

Relative humidity, %

5-85 (noncondensing)

Power AC, 80-253 V {optional DC, 24 V); Typical steady state: 50 W; maximum; 150 W
DTS communications

DTS to PC Ethernet 100/1000 Base T

DTS to Modbus PLC Ethemet 10/100 Base T

Relay contact: 32 per box RS485
Laser classification Class 1m; (IEC/EN 60825-1 {2001])

*Mark of Schiurberger
Other campany, product, end ssrvics names are the properties of their respective owners.
Copyright © 2008 Schiumberges. All rights naserved. 08-C0-001

www.slb.com/completions
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WellWatcher Quartz

NLQG, NMQG, NPQG, NHQG multidrop pressure and temperature gauges

APPLICATIONS
= Long-term production
and reservoir monitoring

= Pressure buildup surveys
= [njection monitoring
= Intelligent completions

BENEFITS

a Saves costs of well interven-
tion by taking continuous
pressure and temperature
measurements

FEATURES

= Long-term measurement
accuracy with excellent
sensor and electronic stability

= High system reliability
confirmed by rigorous testing

= Long-term, reliable, permanent
in-well reservoir monitoring

= Compact gauge design for
optimal well integration

= Gauge system with advanced
cable connector technology

= Multiple-gauge installation on
a single cable with standard
1-s sampling rate

= Compatibility with the
WellWatcher Neon*
electro-optical cable system
for combined distributed
temperature- sensing
measurements

= Fow rate and fiuid density
measurements in specific
applications

= Hermetically sealed gauge
housing, fully welded with
inert gas filling

= Availability of IWIS-compliant
and vendor-specific subsea
cards

WellWatcher Quartz* NLQG, NMQG, NPQG, and
NHQG multidrop pressure and temperature gauges
are part of the WellWatcher® permanent real-time
downhole monitoring system.WellWatcher systems
help operators optimize well productivity and reservoir
racovery throughout the producing life of a well or field.

Schlumberger has installed more than 7,000
permanent downhole pressure and temperature
gauges over the past 25 years and has established
numerous engineering and performance benchmarks
for downhole monitoring. Continual performance
improvement has yielded the most reliable track
record in the industry for these types of gauges.

The latest-generation Schlumberger permanent
WellWatcher Quartz gauges continue this tradition
and incorporate the most recent innovations

in quartz transducers, advanced electronic
components, and cable head connector sealing
technology.

DATA QUALITY

Accurate and stable pressure measurements

are essential in long-term reservoir and production
monitoring applications. Schlumberger permanent
WellWatcher Quariz gauges are engineered to
deliver highty stable pressure measurements for
long-term applications.

Schlumberger

Performance is validated in a controlled test cell
where drift stability is measured at simulated reservoir
pressure and temperature conditions—not just at
ambient temperature and atmospheric conditions.

During this measurement period, the gauges are also
subjected to power on-off cycles and temperature
cycling to simulate the most demanding operating
conditions. The NPQG gauge is qualified for a 10-year
life cycle and has a measured drift stability better
than +7 kPa at 82,740 kPa and 150 degC [+1 psi

at 12,000 psi and 302 degF].

QUALIFICATION TESTING

The gauge system undergoes accelerated testing at
200 degC [392 degF] for about 8 months, in addition
to thermal shock cycle testing. This test is equivalent
to a 10-year life at 150 degC [302 degF]. The complete
gauge assemblies also undergo repeated shock
and vibration testing at rigorous levels to meet

the environmental qualification for well testing in
production and injection wells.

DESIGNED FOR RELIABILITY

The long-term reliability of the WellWatcher Quariz
gauges relies on designs including fully welded
assemblies, multichip module ceramic high-
temperature electronic technology, and corrosion-
resistant alloys.
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Temperature and pressure environmenta! applications in which WellWatcher Quartz and WellWatcher Sapphire® gauges

are most appropriate.








WellWatcher Quartz

Also furthering the gauge technology is the excellent reliability at
system level achieved with the Schlumberger proprietary advanced
connector technology.

The standard NMQG (68,947 kPa [10,000 psi]),NPQG (110,320 kPa
[16,000 psil), and NHQG {172,375 kPa [25,000 psi]) gauges feature the
innovative and fully field-proven Intellitite* electrical dry-mate cable
head connector options. The welded cable head, which can be deployed
even in Zone 1, delivers the best system protection against corrosive
liquids, shock, vibration, and tensile load. The nonwelded cable head
provides three independent seals, including two fully redundant
metal-to-metal seals, and is fully pressure testable using a microleak
detection system. Both cable head connector options deliver significant
reliability improvement over industry-standard connectors.

The standard NLQG (10,000-psi) gauge is equipped with the Sealtite*
connector, providing two independent seals, including an improved
metal-to-metal seal. When dictated by demanding downhole conditions
such as sour fluids or below-packer applications, the gauge is equipped
with the Intellitite electrical dry-mate connector for an incremental level
of reliability.

WORLDWIDE QUALITY SERVICE

WellWatcher systems are supported and deployed by a specialized
group of engineers and technicians highly trained on permanent
monitoring systems and intelligent completion technology. This specific
central support for project preparation and operations contributes to
delivering best-in-class service quality worldwide.

WellWatcher Quartz Gauge Specifications

NLOG Light Quartz Gauge NMOG Median Ouariz Gauge  NPQG Pressure Quartz Gauge  NHQG Hyper Quartz Gauge
Sensor metrological performance
Sensor type Quartz Cuartz Ouartz Quartz
Calibrated working pressure range, kPa [psi] Atmospheric to 68,947 [10,000) Atmospheric to 68,947 {10,000} Atmospheric to 110,320 [16,000] Atmospheric to 172,375 [25,000]
Cichﬁa?&lmrﬁrgtemmm. 2510 130 [77 to 266] 2510 177 (68 to 350] 2510150 {68 to 302) 2510 177 {68 to 350]
di
Other calibrated Available Available Available upon Availabla
Initial pressure accuracy, kPa [psi] <4138 +2] max. over full scale <2138 [+2] max. over full scale <220.7 [+3] max. over full scale <+34.5 [+5] max. over full scale
Pressure resolution, kPa [psi] 003 {0.005] at 1-s e rate 003 [0.005] at 1-5 rate 007{001at 1-5 e rate 0.14[002) at 1-5 e rate
Pressure drift stability, kPa [psi] < 6.9 [+1] per year over full scale <% 6.9 [¢1)/ysar over full scale <48.9 [+1] per year at 82,740 kPa <46.9 {+1] per year at 82,740 kPa

{12,000 psil and 150 degC }302 degF} _ [12,000 psi] and 150 degC [302 degf]

Initial temperzture accuracy, <#0) 5 {+0.9] per £0.15 }+0.27] <015 [+0.9] per +0.15 [+0 77] <£05(0.9] per £0.15 {£0.27] <05 [+0.9] per £0.15 [£0.27]
dogC degfypical dgC o
Temperature resalution, degC [degF] 0.005 [0.009] at 1-s sample rate 0.001 {0.002] at 1-s sample rate 0.001 {0.002] at 1-5 sample rata 0.001]0.002] at 1-s sample r&te
Temperature drift stability. degC (degF] <30).1 [+0.18] per year at 150 {302] <201 [+0.18)/year at 177 [350) <20)1[+0.18] per year at 150 [302] <20.1[+0.18] per year at 177 [350]
Max_overtemperature, degC [degf] 150 [302) 200 [392) 200 {332 200([392)
Physicat characteristics . — N T
Max_ housing diameter, mm [in] 19[0.75) 19{0.75) 19{0.75} 19{075)
Cable head connector options
Intellitite R: true redundant metal/ Special request Yes Yes Yes
metal seal
Intellitits W: fully welded na' Yes Yes Yes
Sealtite: metal/metal seal Yes na na na
Multigauge connections options Fully weided Y, T, and W Fully welded Y, T, and W Fully welded Y, T, and W Fully welded Y, T, and W
connector block assambly connectnr biock assembly gauge assembly gauga assembly
Gauge pressure port reading options Tubing measurement, annulus measurement, measurement through control line by HOMC hydraulic connector, and flowmeter spplication
Material Carrosion-resistant alloys Comosion-resistant alloys Corrosion-resistant alloys Corrosion-resistant alloys
per IS 15156 Jwith Intellitite per 150 15156 per 150 15156 per IS0 15156
connector gption)
Servica H,S {with Intellitite connector option}  H,S H;S H,S
Collapse pressure, kPa [psi] 75,842 {11,000 75,842 {11,000} 137,900 {20,000 189,613 {27,500}
Storaga and shipping temperatura, —40 to 7540 to 167} 40107540 to 167] -40to 75 {~40 to 167{ =40 to 75{-40 to 167|
degC {degF]
Well integration
Max. number of gauges per single cable® 4 at 1-s sampling rate
Max. cable length, m Jf] 10,000 }32,800}
Max. distance between gauges, m {ft] 1,000]3,281]
Qualification test duta
Long-term qualification test equivalent 10 years at 82,740 kPa [12,000 psi] and 150 GeqC {302 degF|
lifa cycla
Vibration 10 to 2,000 Hz at up to 4 g in any axis
Shock 400 impacts at 250 g {2-ms half sine, 4 axis) and 6 drup impacts at 500 g (2-ms haif sine, 6 axis)
¥ A lower temperature cafitration may be required for injection wells.
# ot applicable.

§ Consuit a Schiumberger representative for additional specifications.

*Mark of Schiumberger
Copysight © 2011 Schiumberger. Al rights reserved. 11-C0-D07
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Foreword

The certification of acquired data is an important aspect of logging. It
is performed through the observation of quality indicators and can be
completed successfully only when a set of specified requirements is
available to the log users.

This Log Quality Control Reference Manual (LQCRM) is the third edi-
tion of the log quality control specifications used by Schlumberger. It
concisely provides information for the acquisition of high-quality data
at the wellsite and its delivery within defined standards. The LQCRM is
distributed to facilitate the validation of Schlumberger wireline logs at
the wellsite or in the office.

Schiumberger

Because the measurements are performed downhole in an environment
that cannot be exhaustively described, Schlumberger cannot and does
not warrant the accuracy, correctness, or completeness of log data.

Large variations in well conditions require flexibility in logging proce-
dures. In some cases, important deviations from the guidelines given
here may occur. These deviations may not affect the validity of the data
collected, but they could reduce the ability to check that validity.

Catherine MacGregor
President, Wireline
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Introduction

Data is a permanent asset of energy companies that may be used in
unforeseen ways. Schlumberger is committed to and accountable for
managing and delivering quality data. The quality of the data is the
cornerstone of Schlumberger products and services.

Data quality

Quality is conformance to predefined standards with minimum varia-
tion. This document defines the standards by which the quality of the
data of Schlumberger wireline logs is determined. The attributes that
form the data quality model are

e accuracy

e repeatability

e integrity

e traceability

e timeliness

e relevance

e completeness

e sufficiency

¢ interpretability

e reputation

e objectivity

e clarity

e availability

e accessibility

* security.

Accuracy

Accuracy is how close to the true value the data is within a speci-
fied degree of conformity (e.g., metrology and integrity). Accuracy is
a function of the sensor design; the measurement cannot be made
more accurate by varying operating techniques, but it can fail to con-
form to the defined accuracy as a result of several errors (e.g., incorrect
calibration).

Repeatability
Repeatability of data is the consistency of two or more data products

acquired or processed using the same system under the same condi-
tions. Reproducibility, on the other hand, is the data consistency of two

Schlumberger

or more data products acquired or processed using different systems or
under different conditions. The majority of wireline measurements have
a defined repeatability range, which is applicable only when the mea-
surement is conducted under the same conditions. Repeatability is used
to validate the measurement acquired during the main logging pass, as
well as identify anomalies that may arise during the survey for relogging.

Integrity

The integrity of data is essential for the believability of data. Data with
integrity is not altered or tampered with. There are situations in which
data is altered in a perfectly acceptable manner (e.g., applying environ-
mental corrections, using processing parameters for interpretation).
Any such changes, which involve an element of judgment, are not done
to intentionally produce results inconsistent with the measurements
or processed data and are to the best and unbiased judgment of the
interpreter. Results of interpretation activities are auditable, clearly
marked, and traceable.

Traceability

Traceability of data refers to having a complete chain defining a
measurement from its point of origin (sensor) to its final destination
(formation property). At each step of the chain, appropriate measure-
ment standards are respected, well documented, and auditable.

Timeliness

Timeliness is the availability of the data at the time required. Timeliness
ensures that all tasks in the process of acquiring data are conducted
within the time window defined for such tasks (e.g., wellsite calibra-
tions and checks are done within the time window defined).

Relevance

Relevance is the applicability and helpfulness of the acquired dataset
within the business context (e.g., selection of the right service for the
well conditions). Most services have a defined operating envelope in
which the measurement is considered valid. Measurements conducted
outside their defined envelope, although the measurement process may
have been completed satisfactorily, are almost always irrelevant (e.g.,
recording an SP curve in an oil-base mud environment).
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Completeness

Completeness ensures that the data is of sufficient breadth, depth, and
scope to meet predefined requirements. This primarily means that all
required measurements are available over the required logging inter-
val, with no missing curves or gaps in curves over predefined required
intervals of the log.

Sufficiency

Sufficiency ensures that the amount of data that is acquired or pro-
cessed meets the defined objectives of the operation. For example,
when the defined objective is to compute the hole volume of an oval
hole, a four-arm caliper service—at minimum—must be used. Using a
single-arm caliper service would not provide sufficient information to
achieve the defined objective and would inadvertently result in over-
estimation of the hole volume.

Interpretability

Interpretability of data requires that the measurement is specified in
appropriate terminology and units and that the data definitions are
clear and documented. This is essential to ensure the capability of
using the data over time (i.e., reusability).

Reputation

Reputation refers to data being trusted or highly regarded in terms of
its source, content, and traceability.

Objectivity
The objectivity of data is an essential attribute of its quality, unbiased
and impartial, both at acquisition and at reuse.

Clarity

Clarity refers to the availability of a clear, unique definition of the data
by using a controlled data dictionary that is shared. For example, when
“NPHI" is referred to, it must be understood by all that NPHI is the
thermal neutron porosity in porosity units (m%m? or ft¥/#t?), computed
from a thermal neutron ratio that is calibrated using a single-point cali-
bration mechanism (gain only), and is the ratio of counts from a near
and a far receiver, with the counts corrected only for hole size and not
corrected for detector dead time.

Clarity ensures objectivity and interpretability over time.

Availability

Availability of data ensures the distribution of data only to the intended
parties at the requested time (i.e., no data is disclosed to any other
party than the owner of the data without prior written permission).

Accessibility

Accessibility ensures the ease of retrievability of data using a classifica-
tion model. Wireline data are classified into three datasets:

¢ Basic dataset is a limited dataset suitable for quicklook interpreta-
tion and transmission of data.

e Customer dataset consists of a complete set of data suitable for
processing (measurements with their associated calibrations),
recomputing (raw curves), and validating (log quality control
[LQC] curves) the measurements of the final product delivered.
The customer dataset includes all measurements required to fully
reproduce the data product with a complete and auditable trace-
ability chain.

¢ Producer dataset includes Schlumberger-proprietary data, which
are meaningful only to the engineering group that supports the tool
in question (e.g., the 15th status bit of ADC015 on board EDCIB023
in an assembly).

Security

The security of data is essential to maintain its confidentiality and
ensure that data files are clean of malware or viruses.

Calibration theory

The calibration of sensors is an integral part of metrology, the science
of measurement. For most measurements, one of the following types of
calibrations is employed:

® single-point calibration
¢ two-point calibration
¢ multiple-point calibration.

Because most measurements operate in a region of linear response, any
two points on the response line can be compared with their associated
calibration references to determine a gain and an offset (two-point
calibration) or a gain (single-point calibration). The gain and offset
values are used in the calibration value equation, which converts any
measured value to its associated calibrated value.
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There are three events that measurements may have one or more of:

e Master calibration: Performed at the shop on a quarterly or

monthly basis, a master calibration usually comprises a primary
measurement done to a measurement standard and a reference
measurement that serves as a baseline for future checks. The
primary measurement is the calibration of the sensor used for con-
verting a raw measurement into its final output.

Wellsite before-survey calibration or check: Measurements that
have a master calibration are normally not calibrated at the well-
site; rather, the reference measurement conducted in the master
calibration is repeated at the wellsite before conducting the survey
to ensure that the tool response has not changed. Measurements
that do not have a master calibration may employ a wellsite calibra-
tion that is conducted prior to starting the survey.

Wellsite after-survey check: Some measurements employ an after-
survey check (optional for most measurements) to ensure that the

All such events are recorded in a calibration summary listing (CSL)
(Fig. 1).

The calibration summary listing contains an auditable trail of the event:

equipment with serial numbers

actual measurement and the associated range (minimum, nominal,
and maximum)

time the event was conducted.

For the event to be valid, the measurement must fall within the defined
minimum and maximum limits, using the same equipment (verified
through the mnemonics and serial numbers), and performed on time
(verified through the time stamp on the summary listing).

More details on the calibrations associated with the wide range of
Schlumberger wireline measurements are in the Logging Calibration
Guide, which is available through your local Schlumberger representative.

tool response has not changed from before the survey.

Hostile Natural Gamma Ray Sonde / Equipment Identification
Primary Equipment:
HNGS Sonde HNGS - BA
Auxiliary Equipment:
HNGS Sonde Houslng HNSH - BA
Gamma Source Radioactive GSR-U
Phase Na 511 Peak Set Point Value Phase Th Peak Res % Value
Mastor g 4200 Master ol 7.306
38.00 40.00 42.00 K X . 5.000 7.000 9.000
Mnhlum) (No! h_a_! Maximum) Minimum) (Nominal) MMaximumn) Mnlmum) (Nomm Enﬂmum}
Phase | Background Count Rate CPS Value Phase Gain Ratio Value
Master |5 96.67 Master : 0.9936
20.00 1425 265.0 0.9400 1.000 1.060
gnlmum) {Nomina) _(Maximum) Minimum) {Nomina)) Paximum)
Phase Na 511 Peak Set Point Value Phase Th Peak Loc Value Phase Th Peak Res % Valua
Master ATRT 41.00 Master 2111 Master 6.985
38.00 40.00 4200 201.0 209.6 2183 5,000 7.000 9.000
nimum) MNominah Maximum) Minimum) Hominal) Paximum) imum (Nomina)) Maximum)
Phase | Background Count Rate CPS Value Phase Gain Ratio Value
Master A 96.01 Master j 1.017
20.00 265.0 0.9400 1.000 1.060
Minimum) MNominah Maximym) nimum; {Nominal) Maximum)
| Master:
Figure 1. Example of a master calibration.
Log Quality Control Reference Manual | Introduction 4
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Depth Control and Measurement

Overview

Depth is the most fundamental wireline measurement made; there-
fore, it is the most important logging parameter. Because all wireline
measurements are referenced to depth, it is absolutely critical that
depth is measured in a systematic way, with an auditable record to
ensure traceability.

Schlumberger provides through its wireline services an absolute depth
measurement and techniques to apply environmental corrections to
the measurement that meet industry requirements for subsurface
marker referencing.

The conveyance of tools and equipment by means of a cable enables
the determination of an absolute wellbore depth under reasonable hole
conditions through the strict application of wellsite procedures and
the implementation of systematic maintenance and calibration pro-
grams for measurement devices. The essentials of the wireline depth
measurement are the following:

¢ Depth is measured from a fixed datum, termed the depth reference
point, which is specified by the client.

e The Integrated Depth Wheel (IDW) device (Fig. 1) provides the
primary depth measurement, with the down log taken as the correct
depth reference.

¢ Slippage in the IDW wheels is detected and automatically compen-
sated for by the surface acquisition system.

¢ The change in elastic stretch of the cable resulting from changing
direction at the bottom log interval is measured and applied to the
log depth as a delta-stretch correction.

e Other physical effects on the cable in the borehole, including
changes in length owing to wellbore profile, temperature, and other
hole conditions, are not measured but can be corrected for after
logging is complete.

¢ Subsequent logs that do not require a primary depth measurement
are correlated to a reference log specified by the client, provided
that enough information exists to validate the correctness of the
depth measured on previous logs.

¢ Traceability of the corrections applied should be such that recov-

ery of absolute depth measurements is possible after logging,
if required.

Figure 1. Integrated Depth Wheel device.

By strict application of this procedure, Schlumberger endeavors to
deliver depth measurement with an accuracy of +5 ft per 10,000 ft and
repeatability of +2 ft per 10,000 ft [+1.56 m and +0.6 m per 3,050 m,
respectively] in vertical wells.

Specifications

Measurement Specifications

Accuracy 45 ft per 10,000 ft [+1.5 m per 3,050 m]
Repeatability +2 ft per 10,000 ft [+0.6 m per 3,050 m]
Calibration

The IDW calibration must be performed every 6 months, after 50 well-
site trips, or after 500,000 ft [152,400 m] have passed over the wheel,
whichever comes first. The IDW device is calibrated with a setup that
is factory-calibrated with a laser system, which provides traceability to
international length standards.

Tension devices are calibrated every 6 months for each specific cable
by using a load cell.

For more information, refer to the Logging Calibration Guide, which is
available through your local Schlumberger representative.
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The high-precision IDW device uses two wheels that measure cable
motion at the wireline unit. Each wheel is equipped with an encoder,
which generates an event for every 0.1 in {0.256 cm] of cable travel.
A wheel correction is applied to obtain the ideal of one pulse per 0.1 in
of cable travel.

Integration of the pulses results in the overall measured depth, which
is the distance measured along the actual course of the borehole from
the surface reference point to a point below the surface.

A tension device, commonly mounted on the cable near the IDW device,
measures the line tension of the cable at the surface.

Depth control procedure

On arrival at the wellsite, the wireline crew obtains all available infor-
mation concerning the well and the depth references (wellsite data)
from the client's representative. Information related to the calibrations
of the IDW device and the tension device is entered in the surface
acquisition system.

First trip

Firstlog

The procedure for the first log in a well consists of the following major

steps:

1. Set up the depth system, and ensure that wheel corrections are
properly set for each encoder.

2. Set tool zero (Fig. 2) with respect to the client's depth reference.

3. Measure the rig-up length (Fig. 3) between the IDW device and the
rotary table at the surface. Investigate, and correct as necessary,
any significant change in the rig-up length from that measured with
the tool close to the surface.

4. Run in the hole with the toolstring.

5. Measure the rig-up length (Fig. 3) between the IDW device and the
rotary table at bottom.

6. Correct for the change in elastic stretch resulting from the change
in cable or tool friction when logging up.

7. Record the main log,

8. Record one or more repeat sections for repeatability analysis.’

9. Pull the toolstring out of the hole and check the depth on return
to surface.

To set tool zero on a land rig, fixed platform, or jackup, the toolstring is
lowered a few feet into the hole and then pulled up, stopping when the
tool reference is at the client's depth reference point (Fig. 2).

fOperational considerations may dictate a change in the order of Steps 6-8.

Rig floor

Figure 2. Tool zero.
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The following procedure for setting tool zero is used on floating ves-

sels, semisubmersible rigs, and drillships equipped with a wave motion

compensator (WMC):

1. With the WMC deactivated, stop the tool reference at the rotary
table, and set the system depth to zero.

2. Lower the tool until the logging head is well below the riser slip
joint, then flag the cable at the rotary table and record the current
depth.

3. Have the driller pull up slowly on the elevators, until the WMC is
stroking about its midpoint.

4. Raise or lower the tool until the cable flag is back at the rotary table.
5. Set the system depth to the depth recorded in Step 2.

Measuring the cable rig-up length ensures that the setup has not
changed while running in the well (e.g., slack in the logging cable,
movement of the logging unit, the blocks, or the sheaves). The following
procedure is used to measure the rig-up length of the cable (Fig. 3):

Depth A: Place a mark
on the cable at the drum

Figure 3. Rig-up length measurement procedure.

1. Runin the hole about 100 ft [30 m], flag the cable at the IDW device,
and note the depth.

2. Lower the toolstring until the flag is at the rotary table, Subtract the
depth recorded in Step 1 from the current depth. The result is the
rig-up length at surface (RULS).

3. Record RULS.

The speed used to proceed in the hole should avoid tool float (caused
by excessive force owing to mud viscosity acting on the tool) or birdcag-
ing of the cable. To the extent possible and operational considerations
permitting, a constant speed should be maintained while running
downhole. At the bottom of the hole, the measurement process is
conducted to obtain the rig-up length at bottom (RULB), which is also
recorded. If RULB differs from RULS by more than 1 ft [0.3 m], the
rig-up has changed and the cause of the discrepancy must be investi-
gated and eliminated or corrected for.

Depth B: Mark reaches
the rotary table

Wy
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The rig-up length correction (RULC = RULS — RULB) is applied by
adding RULC to the system depth. RULC is recorded in the Depth
Surmary Listing (Fig. 5).

To correct for the change of elastic stretch, the log-down/log-up method
(Fig. 4) is applied as close as is reasonable to the bottom log interval:

1. Continue toward the bottom of the well at normal speed.

2. Log down a short section (minimum 200 ft [60 m]) close to the
bottom, making sure to include distinctive formation characteristics
for correlation purposes.

3. At the bottom, open calipers (if applicable) and log up a section
overlapping the down log obtained in Step 2.

4. Using the down log as a reference, adjust the up-log depth to match
the down log.

5. The adjustment is the stretch correction (SCORR) resulting from
the change in tension. SCORR should be added to the hardware
depth before logging the main pass.

6. Record SCORR and the depth at which it was determined in the
Depth Summary Listing (Fig. 5).

If it is determined to be too risky to apply the delta-stretch correction
before starting the log, the log can be recorded with no correction and
then depth-shifted after the event with a playback. This procedure
must be documented clearly in the Depth Summary Listing remarks.
Such a procedure is justified when the well is excessively hot or sticky,
and following the steps previously outlined could lead to a significant
risk of tool problems or failure to return to bottom (and thus to loss of
data).

Figure 4, Stretch correction.
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After pulling out of the hole, tool zero is checked at the surface, aswas correction computed after the log, because that depth correction pro-
done before running in the hole, and the difference is recorded in the cess should include an estimate of the expected re-zero error.

Depth Summary Listing (Fig. 5). In deviated wells in particular, envi-

ronmental effects may lead to a re-zero error, with the depth system All information related to the procedure followed for depth control
reading other than zero when the tool reference is positioned opposite  should be recorded in the Depth Summary Listing (Fig. 5) for future
the log reference point after return to the surface. Recording this reference.

difference is an essential step in controlling the quality of any depth

DEPTH SUMMARY LISTING

Date Created: 10-Dec-20XX 12:09:15

Depth System Equipment

Depth Measuring Device Tension Device Logging Cable
Type : IDW-B Type : CMTD-B/A | Type: 7-46P
Serial Number: 4XX Serial Number: 82XXX Serial Number: 83XX
Calibration Date: 10-Dec-20XX |Calibration Date: 10-Dec-20XX| Length: 18750 FT
Calibrator Serial Number: 15XX Calibrator Serial Number: 98XX -
Calibration Cable Type: 7-46P Number of Calibration Points: 10 Conveyance Method: Wireline
Wheel Correction 1: -3 Calibration RMS: 1 Rig Type: LAND
Wheel Correction 2: -2 Calibration Peak Error: 15

Depth Control Parameters

Log Sequence: First Log in the Well
Rig Up Length At Surface: 352.00 FT

Rig Up Length At Bottom: 351.00 FT

Rig Up Length Correction: 1.00 FT

Stretch Correction: 5.00 FT

Tool Zero Check At Surface: 0.50 FT

Depth Control Remarks

1. Subsequent trip to the well. Downlog correlated to reference log XXX by YYY company dated DD-MM-YYYY.

2. Non-Schlumberger reference log. Full 1st trip to the well depth control procedure applied, which required the addition of XX ft
to the down log.

3. Delta-stretch correction was conducted at 12XXX ft and applied to depth prior to recording the main log.
4. Z-chart used as a secondary depth check.

Figure 5. Depth Summary Listing for the first trip, first log in the well
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Subsequent logs

The depth of subsequent logs on the same trip is tied into the first log
using the following procedure:

1. Properly zero the tool as for the first log.

2. The rig-up length does not need to be measured if the setup has not
changed since the previous log,

3. Match depths with the first log by using a short up-log pass.
4. Run the main log and repeat passes as necessary.

5. Record the re-zero error in the Depth Summary Listing. This is part
of the traceability that makes possible the determination of abso-
lute depth after the event, if required.

Subsequent logs should be on depth with the first log over the complete
interval logged. However, particularly when toolstrings of different

weights are run in deviated wells, the relative depths of the logs can
change over long logging intervals. Subsequent correction should
enable removing all discrepancies.

The amount and sign of the correction applied and the depth at which
it was determined must be recorded in the Depth Summary Listing.
For any down log made, the delta-stretch correction should also be
recorded, as well as the depth at which it was determined.

All information related to the procedure followed for depth control
of subsequent logs of the first trip should be recorded in the Depth
Summary Listing (Fig. 6).

DEPTH SUMMARY LISTING

Date Created: 10-Dec-20XX 14:38:50

Depth System Equipment

Depth Measuring Device Tension Device Logging Cable
Type : IDW-B Type : CMTD-B/A | Type: 7-46P
Serial Number: 4XX Serial Number: 82XXX Serial Number: 83XX
Calibration Date: 10-Dec-20XX |Calibration Date: 10-Dec-20XX | Length: 18750 FT
Calibrator Serial Number: 15XX Calibrator Serial Number: 98XX e
Calibration Cable Type: 7-46P Number of Calibration Points: 10 Conveyance Method: Wireline
Wheel Correction 1: -3 Calibration RMS: 1 Rig Type: LAND
Wheel Correction 2: -2 Calibration Peak Error: 15

Depth Control Parameters

Log Sequence:

Reference Log Name: AIT-GR
Reference Log Run Number: 1
Reference Log Date: 10-Dec-20XX

Subsequent trip In the Well

Depth Control Remarks

2. Speed correction not applied.
3. Z-chart used as a secondary depth check.

5. No rigup changes from previous log.

1. Subsequent log on 1st trip correlated to first log in the well from XX000 to XX200 ft

4, Correction applied to match reference log = XX ft, determined at depth XXX00 ft.

Figure 6. Depth Summary Listing for first trip, subsequent logs.
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Subsequent trips

If there is not enough information in the Depth Summary Log from pre-
vious trips to ensure that correct depth control procedures have been
applied, subsequent trips are treated as a first trip, first log in the well.

If sufficient information from previous trips was recorded to show that
correct depth control procedures were applied, the previous logs can
be used as a reference. The subsequent trips proceed as if running the
initial trip with the following exceptions:

L

In conjunction with the client, decide which previous log to use as the
downhole depth reference. Ensure that a valid copy of the reference
log is available for correlation purposes. If the depth reference is a
wireline log from a oilfield service provider other than Schlumberger,
proceed as for the first log in the well, and investigate and document
any discrepancies found with respect to the reference log.

. Run in the hole and record a down log across an overlap section at

the bottom of the reference log. If the overlap section is off by less
than 5 ft per 10,000 ft, adjust the depth to match the current down

log with the reference log. This adjustment ensures that the down
section of the current log is using the same depth reference as the
correlation log. Record any corrections made as the subsequent trip
down log correction.

. If the overlap log is off by more than 5 ft per 10,000 ft, investigate

and resolve any problems. Record any depth discrepancies. Consult
with the client to decide which log to use as the depth reference.

. Run down to the bottom of the well at a reasonable speed so that the

tool does not float.

. Log main and repeat passes, correcting for stretch following the first

trip procedure.

. The logging pass should overlap with the reference log by at least

200 ft, if possible. The depth should match the reference log. Any
discrepancies should be noted in the Depth Summary Listing or the
log remarks.

All information related to the depth control procedure followed should
be recorded in the Depth Summary Listing (Fig. 7).

DEPTH SUMMARY LISTING

Date Created: 10-Dec-20XX 14:26:56

Depth System Equipment

Depth Measuring Device

Tension Device Logging Cable

Type : IDW-B
Serial Number: 4XX
Calibration Date: 10-Dec-20XX

Calibrator Serial Number: 15XX

Calibration Cable Type: 7-46P
Wheel Correction 1: -3
Wheel Correction 2: -2

Type : CMTD-B/A | Type: 7-46P
Serial Number: 82XXX Serial Number: 83XX
Calibration Date: 10-Dec-20XX| Length: 18750 FT
Calibrator Serial Number: 9851 ,
Number of Calibration Points: 10 C-onveya.nce Method: ﬁrellsne
Calibration RMS: 11 Rig Type: N

Calibration Peak Error: 15

Depth Control Parameters

Log Sequence:

Reference Log Name:

Reference Log Run Number:
Reference Log Date:

Subsequent Trip Down Log Correction:

Subsequent trip to the well

AIT-GR

1
10-Dec-20XX
1.00FT

Depth Control Remarks

1. Subsequent trip to the well.

2. Down pass correlated to reference log within +/- 0.05%.

3. Correlation to reference log performed from XX000 to XX200 ft.
4. Correction applied to match reference log = XX ft, determined at depth XXX00 ft..
5. Z-chart used as a secondary depth check.

Figure 7. Depth Summary Listing for subsequent trips.
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Spudding

Spudding is not a recommended procedure, but it is sometimes neces-
sary to get past an obstruction in the borehole. It generally involves
making multiple attempts from varying depths or using varying cable
speed to get past an obstruction.

If the distance pulled up is small, the error introduced is also small.
In many cases, however, the tool is pulled back up for a considerable
distance (i.e., increasing cable over wheel) in an attempt to change its
orientation. Then, the correction necessary to maintain proper depth
control becomes sizeable.

If multiple attempts are made, the correction necessary to maintain
proper depth control also becomes sizeable.

When possible, log data is recorded over the interval where spudding
occurs in case consequent damage occurs to the equipment that pre-
vents further data acquisition. If it is not possible to pass an obstruction
in the well, data is recorded while pulling out of the hole for remedial
action.

Absolute depth

Measurements made with wireline logs are often used as the reference
for well depth. However, differences are usually noted between wire-
line depth and the driller’s depth. Which one is correct? The answer is
neither. For more information, refer to SPE 110318, “A Technique for
Improving the Accuracy of Wireline Depth Measurements.”

Wireline depth measurement is subject to environmental corrections
that vary with many factors:

¢ well profile

¢ mud properties

o toolstring weight

e cable type

e temperature profile

e wellbore pressure

¢ logging speed.

All these effects may differ from one well to another, so the depth cor-

rections required also differ. Because of the number of factors involved,
the corrections can be applied through a numerical model.

Logging down

Any short element of cable that is spooled off the winch drum as a tool
is lowered downhole takes up a tension sufficient to support the weight
of the tool in the well plus the weight of the cable between the winch
and the tool, minus any frictional force that helps support the tool and

“The main assumptions remain that the friction is constant (other than the change due to reversal

of direction of cable motion), and that temperature and pressure effects on the cable may be ignored.

cable. This prestretched cable passes the IDW device and its length is
thus measured in the stretched condition. When this element of cable
is downhole, the tension at the surface can be quite different. However,
the tension on this element remains the same because it is still sup-
porting the weight of the tool plus the weight of the cable between itself
and the tool minus the frictional force.

If it is assumed that the frictional force is constant and that tempera-
ture and pressure do not affect the cable length, the tension on the
cable—and thus the cable length—stays constant as the tool is low-
ered in the hole. Considering that all such elements remain at constant
length once they have been measured, it follows that the down log is on
depth. This means that the encoder-measured depth incorporates the
stretched cable length, and no additional stretch correction is required.

Logging up

When the tool reaches the bottom of the well, the winch direction is
reversed. This has the effect of inverting the sign of the frictional com-
ponent acting on the tool and cable. In addition, if a caliper is opened,
the magnitude of the frictional force can change. As a result, the cable
everywhere in the borehole is subject to an increase in tension, and
thus an increase in stretch.

For the surface equipment to track the true depth correctly, a delta-
stretch correction must be added to compensate for the friction
change (Fig. 4). Once the correction has been applied, the argument
used while running in hole is again applicable, and the IDW correctly
measures the displacement of the tool provided there are no further
changes in friction.

Deviated wells

In deviated wells, the preceding depth analysis applies only to the verti-
cal section of the well. Once the tool reaches the dogleg, lateral force
from the wellbore supports part of the tool weight. The tool is thus
shallower than the measured depth on surface; i.e., the recorded data
appear deeper than the actual tool position. This is commonly referred
to as tool float.

Correction modeling

Correction modeling software estimates the delta-stretch correction to
be applied at the bottom of the well, as well as the expected tool re-zero
depth upon return to the surface. This software can be used to correct
the depth after logging. Contact your local Schlumberger representa-
tive for more information.

Log Quality Control Reference Manual | Depth Control and Measurement
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Platform Express

Overview

Platform Express* integrated wireline logging technology employs either
the AIT* array induction imager tool or High-Resolution Azimuthal
Laterolog Sonde (HALS) as the resistivity tool. The Three-Detector
Lithology Density (TLD) tool and Micro-Cylindrically Focused Log
(MCFL) are housed in the High-Resolution Mechanical Sonde (HRMS)
powered caliper. Above the HRMS are a compensated thermal neutron
and gamma ray in the Highly Integrated Gamma Ray Neutron Sende

Specifications

Schiumbepger

(HGNS) and a single-axis accelerometer. The real-time speed correc-
tion provided by the single-axis accelerometer for sensor measurements
enables accurate depth matching of all sensors even if the tool cannot
move smoothly while recording data. The resistivity, density, and micro-
resistivity measurements are high resolution. Logging speed is twice the
speed at which a standard triple-combo is run.

Measurement Specifications

Output HGNS: Gamma ray, neutron porosity, tool acceleration
HRMS: Bulk density, photoelectric factor (PEF), borehole caliper, microresistivity
HALS: Laterolog resistivity, spontaneous potential (SP), mud resistivity (R,,)
AIT: Induction resistivity, SP, A,

Logging speed 3,600 ft/h [1,097 m/h]

Mud weight or type limitations None

Combinability Bottom-only toolstring with HALS or AIT too!

Combinable with most tools

Special applications

Good-quality data in sticky or rugose holes

Measurement close to the bottom of the well

Log Quality Control Reference Manual
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Platform Express Component Specifications

HGNS HRMS HALS AIT-H and AIT-M
Range of measurement Gamma ray: Bulk density: 1.4 to 3.3 g/cm® 0.2 to 40,000 ochm.m 0.1 to 2,000 chm.m
0to 1,000 gAPI PEF:1.11t0 10
Neutron porosity: Caliper: 22 in [65.88 cm]
— 0to 60 VV
Vertical resolution Gamma ray: Bulk density: 18 in [45.72 cm] Standard resolution: 1,2, and 4 ft [0.30, 0.61,
12 in [30.48 cm] in 6-in [15.24-cm] borehole 18in [45.72 cm) and 1.22 m]
Porosity: High resolution: 8 in [20.32 cm]

12in [30.48 cm]

in 6-in [15.24-cm] borehole

Accuracy

Gamma ray: +5%

Bulk density: £0.01 g/cm3

1to 2,000 ohm.m: +5%

Resistivities: +0.75 ms/m

Porosity: (accuracy'), 0.025 g/cm® {conductivity) or 2%
0to 20 VNV =21V, (repeatability) (whichever is greater)
30V =22VN, Caliper: 0.1in [0.25 cm]
45V =6 VIV {accuracy), 0.05 in
[0.127 cm] (repeatability)
PEF: 0.15 (accuracy®)
Depth of investigation Gamma ray: Density: 32in [81 cm] {varies AO/AT/AF10%: 10 in [25.40 cm]

24in[61.0 cm]
Porosity: ~9in [~23 cm]
{varies with hydrogen
index of formation)

5in [12.70 cm)

with formation and
mud resistivities)

AO/AT/AF20: 20 in [50.80 cm]
AOQ/AT/AF30: 30 in [76.20 cm]
AOQ/AT/AF60: 60 in [152.40 cm]
AO/AT/AF90: 90 in [228.60 cm]

Outside diameter

3.375in [8.57 cm]

477in[12.11 cm]

3.625in[9.21 cm]

3.875in [9.84 cm]

Length

10.85 ft [3.31 m]

12.3 ft [3.75 m]

16 ft [4.88 m]

16 ft [4.88 m]

Weight

171.7 Ibm [78 kg]

313 Ibm [142 kg]

221 Ibm [100 kg]

AIT-H: 255 Ibm [116 kg]
AIT-M: 282 Ibm [128 kg]

t Bulk density accuracy defined only for the range of 1.65 to 3.051 g/cm?
¥ PEF accuracy defined for the range of 1.5t0 57
% AD = 1-ft 10.30-m] vertical resolution, AT = 2-ft [0 61-m] vertical resolution, AF= 4-ft |1.22-m] vertical resolution

Calibration

Master calibration of the HGNS compensated neutron tool must be
performed every 3 months. Master calibration of the HRDD density tool
must be performed monthly.

For calibration of the gamma ray tool of the HGNS, the area must be
free from outside nuclear interference. Gamma ray background and
plus calibrations are typically performed at the wellsite with the radio-
active sources removed so that no contribution is made to the signal.
Calibration of the tool in a vertical position is recommended. The
background measurement is made first, and then a plus measurement
is made by wrapping the calibration jig around the tool housing and
positioning the jig on the knurled section of the gamma ray tool.

Calibration of the HGNS compensated neutron tool uses an aluminum
insert sleeve seated in a tank filled with fresh water. The bottom edge
of the tank is at least 33 in [84 cm] above the floor, and an 8-ft {2.4-m]
perimeter around the tank is clear of walls or stationary items and all
equipment, tools, and personnel. The tool is vertically lowered into the
tank and sleeve so that only the taper of a centering clamp placed on
the tool housing at the centering mark enters the water and the clamp
supports the weight of the tool.

Calibration of the HRDD density tool uses an aluminum block and a
magnesium block with multiple inserts.
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Tool quality control

Standard curves

The Platform Express standard curves are listed in Table 1.

Table 1. Platform Express Standard Curves

Output Mnemonic Output Name Output Mnemonic Output Name
AHF10, AHF20, Array induction resistivity with 4-ft [1.2-m] vertical HTNP High-resolution thermal neutron porasity
AHF30, AHF60, resolution and median depth of investigation of 10,
AHFS0 20, 30, 60, or 90 in [25.4, 50.8, 76.2, 152.4, or 228.6 cm)
AHO10, AHD20, Array induction resistivity with 1-ft [0.3-m] vertical MVRA Monitoring to resistivity of the invaded zone (B,,)
AH030, AHO60, resolution and median depth of investigation of 10, voltage ratio
AH090 20, 30, 60, or 90 in
AHT10, AHT20, Array induction resistivity with 2-ft [0.6-m] vertical NPHI Thermal neutron porosity borehole-size corrected
AHT30, AHTEO, resolution and median depth of investigation of 10,
AHT90 20, 30, 60, or 90 in
ATEMP HGNS accelerometer temperature NPOR Enhanced-resolution processed thermal porosity
CFGR Gamma ray borehole-correction factor PEF8 Formation photoelectric factor at standard
8-in [20.3-cm] resolution
CFTC Corrected far thermal count PEFI Formation photoelectric factor at standard
2-in [5.1-cm] resolution
CNTC Corrected near thermal count PEFZ Formation photoelectric factor at standard
18-in [45.7-cm] resolution
CTRM MCFL hardware contrast indicator RHO8 Formation density at standard 8-in resolution
DNPH Delta neutron porosity RHOI Formation density at standard 2-in resolution
ECGR Environmentally corrected gamma ray RHOZ Formation density at standard 18-in resolution
EHGR High-resolution environmentally corrected RSO8 High-resolution resistivity standoff
gamma ray -
EHMR Confidence on resistivity standoff RW MCFL vertical voltage
ERBRI[n) Resistivity reconstruction error RXGR Global current-based resistivity
ERMC Confidence on standoff zone resistivity RXIB Bucking (A1) current
ERXO Confidence on invaded zone resistivity RXIG Global {AD) current
ExSZ[n] xS reconstruction error RXIGIO Global to BO current ratio
GDEV HGNS deviation RX08 Micro-cylindrically focused R,, measurement
at 8-in resolution
GR (Gamma ray RXOI Micro-cylindrically focused R,, measurement
at 2-in resolution
GREZ High-Resolution Density Detector (HRDD) RX0Z Micro-cylindrically focused R,, measurement
cost function at standard 18-in resolution
GTHV HGNS gamma ray test high voltage RXV R, (AD) voltage
HAZ01 HGNS high-resolution acceleration RXVB Bucking (A1) voltage
HCAL Caliper to measure borehole diameter TNPH Thermal neutron porosity environmentally corrected
HDRA HRDD density correction TREF HGNS ADC reference
HDRX BO correction factor us Formation volumetric photoelectric factor
at standard 8-in resolution
HGR High-resolution gamma ray ul Formation volumetric photoelectric factor
at standard 2-in resolution
HLLD HALS laterolog deep low-resolution uz Formation volumetric photoelectric factor
measurement at standard 18-in resolution
HLLS HALS laterolog shallow low-resolution xCaR xS crystal resolution
measurement
HMIN Micro-inverse resistivity xDTH HRDD detector dither frequency
HMINO Micro-normal resistivity xLEW xS low-energy window count rate
HNPO High-resolution enhanced thermal x0FC HRDD detector offset control value
neutron porosity
HRLD HALS laterolog deep high-resolution measurement xPHV xS photomuttiplier high voltage (command)
HRLS HALS laterolog shallow high-resolution measurement XxSFF xS form factor
HTEM Cartridge temperature XWTO xS uncalibrated total count rate
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Operation Formats

The HGNS section of the Platform Express toolstring must be eccen- There are several quality control formats for Platform Express logs.
tered with a bow spring. The HRMS is positively eccentered with its . -
own caliper, giving a borehole reaction force centered on the skid face. The HGNS format is shown in Fig 1.

¢ Flag track

The resistivity tool at the bottom of the Platform Express toolstring

must be run with standoffs positioned at the top and bottom of the tool. — This track should show a deep green coherent pattern.

It is important that the standoff size is the same at the top and bottom e Track 1

so that the sonde is not tilted with respect to the borehole. — CFGR is the coefficient applied to the calibrated gamma ray
Planning for selection of the induction or laterolog tool is important. to take into account the borehole corrections. Normally it is
See the “Resistivity Logging” section of this Log Quality Control between 0.5 and 1.5.

Reference Manual for more details, — GDEV output from the calibrated accelerometer should be

between —~10° and 90°, depending on the well.

— DNPH is the difference between the environmentally corrected
porosity and the uncorrected porosity. Usually the difference is
within —10 to 10 V/V.

PIP SUMMARY
[l Time Mark Every 60 S

GR Borehole Correction Factor
(CFGR)
0.5 (== 1.5

HGNS Deviation (GDEV)
-10 (DEG) 20

HTC Cartridge
G Ray (ECGR) Far Thermal Counts (CFTC) Temperature
0 (GAPI) 150 0 (CPS) 7500 (HTEM)
20 (DEGF) 220

Delta Neutron Porosity (DNPH) Near Thermal Counts (CNTC)

-0.1 vViV) [X] 0 (cPS) 7500 10000 (LBF) 0

*** Flag Tracks **
Black areas show that the corresponding error flag is set.
From left to right:
= Neutron and Gamma-ray Fiag
- Poroslity Computation Fiag
- Accelerometer Flag
- Corrected Depth Computation Flag

A

N
7
||

Figure 1. HGNS standard format for hardware.
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The HRDD hardware format is in Fig, 2. — Valid count rates for xLEW are 0 to 10,000 counts/s for BS, 0 to
o Flag tracks 5,000 counts/s for 8S, and 0 to 1,000 counts/s for LS. Any value out-

side its range may indicate a problem with the respective detector.
— Three flag tracks aid in checking the backscatter (BS), short-

spacing (38), and long-spacing (LS) detector measurements, All — The zOFC unitless integer controls the average offset value and

bits in the tracks must show a deep green coherent color. Any should ranges from 5 Fo 20.
other color may indicate a hardware failure. — HRDD backscatter dither frequency (xDTH) can range from

1 to 900 Hz.
e Tracks1,3,and 4 o _
— The 2WTO total count rate varies according to the density. In - 'tl‘}l:: f:f: ﬂgzgorgﬂflle:ngl;i l:fllilb::gﬁﬁe ;ﬂ(tmi(ti :ﬁa;‘e:;
general, for BS, 300,000 counts/s < BWTO < 1,000,000 counts/s; it o rga o g ’ 8
for S8, 10,000 counts/s < SWTO < 500,000 counts/s; and for LS, P '

1,000 counts/s < LWTO < 50,000 counts/s (cps on the logs). A
large count rate change may indicate a problem with the detector.

Table 2. HRDD Limits for xCQR Crystal Resolution

— The value of SFF varies about zero (typically +0.125%). If the Detector Stabilization Source Alone With Logging Source
form factor is higher than the permissible value, there may be a gsddee!';c] ??ZdeeeggFC] gsddeé’;c] [2;’275";3;(:]
problem with the detector. BS (BCOR) "% "% % %

— Variation of 2CQR detector resolution is according to tempera- gg (SCOR) 10% 10% 10% 10%
ture and the presence of the logging source. Table 2 lists limits g (LCOR) 9%-10% % 9% 1%
for the crystal resolution.
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BS PM High Voltage (Command)

(8PHV) |  petowEhengy TIncow LRIPEENE 2 DOW RSy TUNCow LR ISR
500 ™ 700 0 (cPS) 5000 0 (CPS) 1000
“R"Fflﬁ.‘}‘ﬁ:i;"@%ﬂ{""' SS Uncal. Total CR (SWTO) LS Uncal. Total CR (LWTO)
o g T 550 0 (CPS) 500000 0 (CPS) 50000
N .85 Orystal Resolution (SCOR). | |, LS Crystal Resolution (LCOR) |
o T ST 20 (%) 25 5 (%) 25
B Lo ey R | _ _SSFormFactor(SSFF) _ _| | _ _LSForm Factor (LSFF) _ _
0 (CPS) 10000] (% 0.5 -0.5 (%) 0.5
| __BS Crystal Resolution (BCQR)__| 58 PM High \(I;'I;:%? {Command) LS PM High \(I&I’tsa? {Command)
0,
) {%) e 1600 ™ 1700]  [1600 ™ 1700
HRDD Short Spacing Dither HRDD Long Spacing Dither
e T Frequency (SOTH) | | Frequency (LOTH) |
-0.5 (%) 05 0 H2) 250 [o (HZ) 250
HILT
A HRDD Short Spacing Offset HRDD Long Spacing Offset Control
SsilincabyiotallCRIBWIO)E Ryt 2 Fe Control Value (SOFC) Value (LOFC)
0 (CPS)  1000000] (HCAL) | fgo-mooonm s T et ) B R e 50
6 (IN) 16
*** Flag Tracks ***
Black areas show that the corresponding error flag is set.
For each xS detector subtrack, and from left to right :
- xS Offset Error or Low Energy Window Error
~ xS Tau Loop Error (Pulse Shape Compensation Error)
- xS Stabilization Loop or Crystal Resolution Error
= ¥ T EETEEEE THEHHE s
!5 i g } ‘ N i R P : | L‘r .' '*\b :
= ' I e - THET
i ; ! 1| ; 2 P . 2
: T n | | C H ¥ I 17 1. v v
4 0 \ {1 ;' :, v ‘! E E - W
Ty ‘ (| 1 - - N e Yu B
7 ' 3 1T o q . 1 T 4 I
K s | ' 5 v : PR i =X B
i 0 q { | | , " " : - X .. W v
7 - \ 1 : :-{ \ s i :: = :
3 l\ 1l It P - : ks j",— :
J | | ; P Bt i i
| "1 N " I \r K I v
s i L . X : . 1 i

Figure 2. HRDD standard format for hardware.
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The HRDD processing format is in Fig. 3.

® Tracks 1,2, and 3

— Ex8Z[n] for each detector shows how close the reconstructed
count rates are to the calibrated measured count rates. Ideally,
they should vary about zero. A large bias observed on these
errors for one or more energy windows is generally due to a
problem in the calibration, excessive pad wear, or incorrect

inversion algorithm selection.

— GREZ indicates the confidence level in the estimations done in
the model. The valid range is 0 < GREZ < 25.

PIP SUMMARY
[l Time Mark Every 60S
Tenslon (TENS) |
1000 (LBF) 0
HRDD Cost Function (GREZ)
0 (— 200
SS Reconstruction Error 4 (ESSZ[3]) LS Reconstruction Error 4 (ELSZ[3})
-10 (%) 10(-20 (%) 20
BS Reconstruction Error 3 (EBSZ[2]) S8 Reconstruction Error 3 (ESSZ[2]) LS Reconstruction Error 3 (ELSZ[2])
-10 (%) 10 -10 (%) 10|-20 (%) 20]
BS Reconstruction Error 2 (EBSZ[1]) S§S Reconstruction Error 2 (ESSZ[1}) LS Reconstruction Error 2 (ELSZ[1])
-10 (%) 10 -10 (%) 10|-20 (%) 20|
BS Reconstruction Error 1 (EBSZ[0]) SS Reconstruction Error 1 (ESSZ[0]) LS Reconstruction Error 1 (ELSZ[0])
-10 (%) 10 -10 (%) 10]-20 (%) 20
| ] 3
| | \
g I
s )Y -
} iy 15
A\ S -
] [/ f N
I | - '
{ [l 1Y s
11 7
JILC ) R
IR FA { L ~Sd3 15
\I] \ S AN
A\ rd ]
\
6 = s &
/
} V4 Y i (EKS'*:.
E \ F s
J ]
P AN A | B She2

Figure 3. HRDD standard format for processing.
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The MCFL hardware format is in Fig. 4.

* Flag track

— The flag track should show a deep green coherent color. If a flag
appears, it indicates a hardware malfunction.

e Trackl

RXIB and RXIG from A0 and Al (the guard electrodes on the tool)
should range from 2 to 2,000 mA. The ratio between both curves
should be constant, with the value depending on the hole size.

— RXV between the A0 electrode and the sonde body is typically about
50 to 200 mV for B,,, > 10 chm.m. It is smaller when £, < 10 ohm.m,
but it should not go below 5 mV.

— RVVbetween A0 and the reference electrode N should read about
one-half the value of RXV (&, voltage).

PIP SUMMARY
[’Tlrno Mark Every 60 S

Global (A0) Current (RXIG)
2 (MA) 2000

MCFL Vertical Voltage (RVV) H. Res. |

ded Zone Resi:

ivity (RXO8)

2 (MV) 2000 2

(OHMM)

2000

H. Res.
Rxo (A0) Voltage (RXV) Standoff

(RXGR)

Resistivity Global Current Based Resistivity

2 (MV) 2000] “rsog) 5
25 (IN) 0

(OHMM)

2000

“** Flag Tracks ™*
Black areas show that the corresponding error flag is set.
1. Principal Button Current Overload
2. Shuttle Link Feedback Error
3. Monitoring Voltage Ratio Error
4. Contrast/Rm Indicator Too Large

XX00

iE2ss

3}

Figure 4. MCFL standard format for hardware.
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The MCFL processing format is in Fig. 5. e Track3

o Track 1 — HDRX applied to the main button to match the inverted output

— ERBR([n] for the response of each button is used to determine RXOZ should range between 0.5 and 1.5.

how close the reconstructed measurements are to the actual
ones. High error values can indicate abnormal noise level, non-
homogeneous ., value, or standoff resulting from sonde tilt.

e Track2
— ERXO, ERMC, and EHMR confidence indicators for B,,, B,,., and
mudcake thickness, respectively, indicate the amount of error

associated with the results of the MCFL inversion. These curves
should remain close to zero.

PIP SUMMARY
[l Time Mark Every 60 S
Resistivity Resistivity Confidence on Confidence on
Reconstruction Reconstruction Standoff Zone [Resistivity Standofff Tension (TENS) ... __|
Error 2 (ERBR]1]) | Error 3 (ERBR[2]) Resistivity (ERMC) (EHMR) 1000 (LBF) 0
-1 (== 1-1 (— 1 -01 (——- 0.1[-1 (= 1
Resistivity Reconstruction Error 1 Confidence on Invaded Zone Resistivity| ‘
(ERBR[0]) (ERXO) o Bo Corrr.ctlo(rlffctor {HDRX) <
-1 -— 1 -0.1 (== 0.1
E P
5 - %
< ‘,;:-
] o
= '(; (3
XX00 :
33; "
3 =1 =
=
N
5 .
<
i
e
- — A =
~ e
¥ H i
Figure 5. MCFL standard format for processing.
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Response in known conditions

HGNS neutron response

The values in Table 3 assume that the matrix parameter is set to
limestone (MATR = LIME), hole is in gauge, and borehole corrections
are applied.

HRDD density response
Typical values for the HRDD response are in Table 4.

MCFL microresistivity response

¢ In impermeable zones, the ., curve should equal the induction or
resistivity measurements.

¢ In permeable zones, the B,,, curve should show a coherent profile as
an indication of invasion.

AIT and HALS resistivity response
¢ In impermeable zones, the resistivity curves should overlay.

¢ In permeable zones, the relative position of the curves should show
a coherent profile depending on the values of the resistivity of the
mud filtrate (B,,) and the resistivity of the water (%,,), the respec-
tive saturation, and the depth of invasion. In salt muds, generally
the invasion profile is such that deeper-reading curves have a higher
value than shallower-reading curves, with deep investigation curves
approaching the true formation resistivity (8,) and shallow investi-
gation curves approaching B,

Table 3. Typical HGNS Response in Known Conditions

Formation NPHI' VNV TNPH or NPOR,} VV

Sandstone, 0% porosity -1.7 -2.0

Limestone, 0% porosity 0 0

Dolomite, 0% porosity 24 0.7

Sandstone, 20% porosity® 15.8 if formation salinity = 0 ug/g 15.1 if formation salinity = 250 ug/g
Limestone, 20% porosity 20.0 20.0

Dolomite, 20% porosity® 27.2 if formation salinity = 0 ug/g

22.6 if formation salinity = 0 ug/g

24.1 if formation salinity = 250 ug/g

Anhydrite —0.2 -2.0
Salt -0.0 -3.0
Coal 381070 28t0 70
Shale 30to 60 30 to 60

* After borehole correction with MATR = LIME, Refer to Chart CP-1c in Schlumberger Log Interpretation Charts.

* After borehole correction with MATR = LIME, Refer to Charts CP-1e and -1f in Schlumberger Log Interpretation Charts.
¥ The reason that sandstone or dolomite with a porosity of 20% reads differently after environmental correction with MATR = LIME for different formation
salinities is that the formation salinity correction is matrix dependant, and a formation salinity correction made assuming MATR = LIME is incorrect if the

matrix is different. Refer to Chart Por-13b in Schlumberger Log Interpretation Charts.

Table 4. Typical HRDD Response in Known Conditions

Formation RHOB, g/cm? PEF
Sandstone, 0% porosity 26510 2.68 1.81
Limestone, 0% porosity 2N 5.08
Dolomite, 0% porosity 287 3.14
Anhydrite 2.98 5.05

Salt 2.04 4.65
Coal 12t01.7 0.2
Shale 211028 1.8106.3

! PEF readings are restricted to not read below 0 8
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PS Platform

Overview

The PS Platform* production services platform uses a modular design
comprising the following main tools:

Platform Basic Measurement Sonde (PBMS) for measuring pres-
sure, temperature, gamma ray, and casing collar location

Gradiomanometer* (PGMC) sonde for measuring the density of the
well fluid and well deviation

PS Platform Inline Spinner (PILS) for measuring high-velocity flow
in small-diameter tubulars

Flow-Caliper Imaging Sonde (PFCS) for measuring fluid velocity
and water holdup and also has a dual-axis caliper.

Additional production logging tools combinable with the PS Platform
system are

GHOST* gas optical holdup sensor tool for measuring gas holdup
and also has a caliper
Digital Entry and Fluid Imaging Tool (DEFT) for measuring water
and also has a caliper

Flow Scanner* horizontal and deviated well production logging
system for measuring three-phase flow rate in horizontal wells

RST* reservoir saturation tool for measuring water velocity and
three-phase holdup.

Schiumbeprger

Also combinable with the PS Platform system are

SCMT* slim cement mapping tool for a through-tubing cement
quality log

PS Platform Multifinger Imaging Tool (PMIT) for multifinger caliper
surveys of pitting and erosion

EM Pipe Scanner* electromagnetic casing inspection tool for elec-
tromagnetic inspection of corrosion and erosion

RST reservoir saturation tool for capture sigma saturation logging,
carbon/oxygen saturation logging, capture lithology identification,
and silicon-activation gravel-pack quality logging.

In horizontal wells the PBMS can be replaced by the MaxTRAC* down-
hole well tractor system or the TuffTRAC* cased hole services tractor.

Log Quality Control Reference Manual
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RST and RSTPro

Overview

The dual-detector spectrometry system of the through-tubing RST* and
RSTPro* reservoir saturation tools enables the recording of carbon and
oxygen and Dual-Burst* thermal decay time measurements during the
same trip in the well.

The carbon/oxygen (C/0) ratio is used to determine the formation oil
saturation independent of the formation water salinity. This calculation
is particularly helpful if the water salinity is low or unknown. If the
salinity of the formation water is high, the Dual-Burst measurement is
used. A combination of both measurements can be used to detect and
quantify the presence of injection water of a different salinity from that
of the connate water.

Specifications

Schiumberger

Calibration

The master calibration of the RST and RSTPro tools is conducted annu-
ally to eliminate tool-to-tool variation. The tool is positioned within a
polypropylene sleeve in a horizontally positioned calibration tank filled
with chlorides-free water.

The sigma, WFL* water flow log, and PVL* phase velocity log modes of
the RST and RSTPro detectors do not require calibration. The gamma
ray detector does not require calibration either.

Measurement Specifications

Mechanical Specifications

RST and RSTPro Tools

RST-A and RST-C

RST-B and RST-D

Output Inelastic and capture yields of various elements,
carbon/oxygen ratio, formation capture cross
section {sigma), porosity, borehole holdup, water
velocity, phase velocity, Spectrolith* processing

Logging speedt Inelastic mode: 100 ft/h [30 m/h]

(formation dependent)

Capture mode: 600 ft/h [183 m/h]
(formation and salinity dependent)

RST sigma mode: 1,800 ft/h [549 m/h)
RSTPro sigma mode: 2,800 ft/h [850 m/h]
Porosity: 0to 60 V/V

15in [38.10 cm]

Based on hydrogen index of formation
Sigma mode: 10 to 16 in [20.5 to 40.6 cm]
Inelastic capture {IC) mode: 4to 6 in

Range of measurement
Vertical resolution
Accuracy

Depth of investigation*

[10.2t0 15.2 cm]
Mud type or weight None
limitations
Combinability RST tool: Combinable with the PL Flagship*

system and CPLT* combinable production
logging tool
ASTPro tool: Combinable with tools that use
the PS Platform™ telemetry system and Platform
Basic Measurement Sonde (PBMS)

*See Tool Planner application for advice on logging speed.

* Depth of investigation is formation and environment dependent

Temperature rating

302 degF [150 degC]

With flask: 400 degF [204 degC)

302 degF [150 degC]

Pressure rating

15,000 psi [103 MPa]

15,000 psi [103 MPa)

With flask: 20,000 psi [138 MPa]

1'¥6 in [4.60 cm]

With flask: 2v4 in {5.72 cm]
95 in [24.45 cm]

With flask: 95 in [24.45 cm]

Borehole size—min. 2% in [7.30 cm]

Borehole size—max. 9% in [24.45 cm]

Outside diameter 1.71in [4.34 cm]

With flask: 2.875 in [7.30 cm]

2.51in [6.37 cm])

Length 23.0ft{7.01 m] 22.2 ft [6.76 m]
With flask: 33.6 ft [10.25 m]

Weight 101 Ibm [46 kg] 208 Ibm [94 kg]
With flask: 243 lbm [110 kg]

Tension 10,000 Ibf [44,480 N] 10,000 Ibf [44,480 N]

With flask: 25,000 Ibf [111,250 N)

1,000 Ibf [4,450 N]
With flask: 1,800 Ibf [8,010 N)

Compression 1,000 Ibf [4,450 NJ
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Tool quality control

Standard curves

The RST and RSTPro standard curves are listed in Table 1.

Table 1. RST and RSTPro Standard Curves

Output Mnemenic Output Name

BADL_DIAG Bad level diagnostic

CCRA RST nearffar instantaneous count rate
COR Carbon/oxygen ratio

CRRA Near/far count rate ratio

CRARR Count rate regulation ratio

DSIG RST sigma difference

FBAC Multichannel Scaler {(MCS) far background
FBEF Far beam effective current

FCOR Far carbon/oxygen ratio

FEGF Far capture gain correction factor
FEOF Far capture offset correction factor
FERD Far capture resolution degradation factor (RDF)
FIGF Far inelastic gain correction

FIOF Far inelastic offset correction factor
FIRD Far inelastic RDF

IC Inelastic capture

IRAT_FIL RST near/far inelastic ratio

NBEF Near beam effective current

NCOR Near carbon/oxygen ratio

NEGF Near capture gain correction factor
NEOF Near capture offset correction factor
NERD Near capture RDF

NIGF Near inelastic gain correction

NIOF Near inelastic offset correction factor
NIRD Near inelastic RDF

RSCF_RST RST selected far count rate
RSCN_RST RST selected near count rate

SBNA Sigma borehole near apparent
SFFA_FIL Sigma formation far apparent
SFNA_FIL Sigma formation near apparent

SIGM Formation sigma

SIGM_SIG Formation sigma uncertainty
TRAT_FIL RST near/far capture ratio

Operation

The RST and RSTPro tools should be run eccentered. The main inelas-
tic capture characterization database does not support a centered tool,
thus it is important to ensure that the tool is run eccentered. However,
for a WFL water flow log, a centered tool is recommended to better
evaluate the entire wellbore region.

Formats
The format in Fig, 1 is used mainly as a hardware quality control.

e Depth track

— Deflection of the BADL_DIAG curve by 1 unit indicates that
frame data are being repeated (resulting from fast logging speed
or stalled data). A deflection by 2 units indicates bad spectral
data (too-low count rate).

Track 1

— CRRA, CRRR, NBEF, and FBEF are shown; FBEF should track
openhole porosity when properly scaled.

Track 6

— The IC mode gain correction factors measure the distortion of
the energy inelastic and elastic spectrum in the near and far
detectors relative to laboratory standards. They should read
between 0.98 and 1.02,

Track 7

— The IC mode offset correction factors are described in terms
of gain, offset, and resolution degradation of the inelastic and
elastic spectrum in the near and far detectors. They should read
between -2 and 2.

Track 8

— Distortion on these curves affects inelastic and capture spectra
from the near and far detectors. They should be between 0 and 15.
Anything above 15 indicates a tool problem or a tool that is too hot
(above 302 degF [150 degC]), which affects yield processing.
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Bl Time Mark Every 60 S

PIP SUMMARY

| (NBEF) |
] {UA} 200
Bad Level
Dlagnostic | _(FBER)__ |
DlAG)_ 0 (UA) 200
P (—=0
(TENS) CRRA
e, LA
10000 /]
.fecre) | (CRRR)
-3 1
0.25 1.75

(NEGF) (NEOF) (NERD)
09 (- 1.4]-10 (—— 100 (— 25
(NIGF) (NIOF) (NIRD}

09 (-——- 11[-10 (--—= 100 (-——- 25
(FEGF) (FEOF) (FERD)
09 (—- 14]-10 (—— 100 (— 25
(FIGF) (FIOF) (FIRD)

09 (—- 1.1[-10 (— 100 (—— 25

SERLRTPETEITERLLLLRLL-Y

Xx00:

TmzsrrrzeEIzT

Figure 1. RST and RSTPro hardware format.
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The format in Fig. 2 is used mainly for sigma quality control.

e Depth track

— Deflection of the BADL_DIAG curve by 1 unit indicates that
frame data are being repeated (resulting from fast logging speed
or stalled data). A deflection by 2 units indicates bad spectral
data (too-low count rate).

e Tracks 2 and 3

— The IRAT FIL inelastic ratio increases in gas and decreases
with porosity.

— DSIG in a characterized completion should equal approximately
zero. Departures from zero indicate either the environmental
parameters are set incorrectly or environment is different from
the characterization database (e.g., casing is not fully centered
in the wellbore or the tool is not eccentered). Shales typically
read 1 to 4 units from the baseline of zero because they are not
characterized in the database.

PIP SUMMARY
mnmo Mark Every 60 8
Tension (TENS)

10000 (LBF)
| RST Sigma Unc (SIGM_SIG}
3 (cu)

| RSTCapture Ratio (TRALFIL) | RST Far Effective :;guru CR (RSCF_

1 {(— 545 (——- B

50 (cv) o
Sigma Borshole N.;r Apparent {SBNA_ Sigma Formation Near Apparent (SFNA_FIL)
EEEEE ) jad e g
cammaRay(eR) | |1 RST Inelastic Ratio (RATFIL)____| RST Noar Effective :;plun CR {RSCN_
0 (GAPI) 150 ] fry 0l i B
Bad Level o
MCS Far Background (fitered) (FBAC)_ _| Dlsanostic RST Sigma Differance (DSIG)
_____ kground (fitered) (FBAC)_ | i) |
0 (cPS) 10000 | ‘puagy |- cu) 30
® (— 0
7 7 7 A
L} rd 2 ¢ I
T 3 f i . 4 o
\ < o i i S\
i ~ ‘ i a A
t p) > H 7 17
I \ < A ]
i \ i B

Figure 2. RST and RSTPro sigma standard format.
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Response in known conditions

In front of a clean water zone, COR is smaller than the value logged
across an oil zone. Oil in the borehole affects both the near and far
COR, causing them to read higher than in a water-filled borehole. In
front of shale, high COR is associated with organic content.

The computed yields indicate contributions from the materials being
measured (Table 2).

Table 2. Contributing Materials to RST and RSTPro Yields

Element Contributing Material

Cand 0 Matrix, borehole fluid, formation fluid

Si Sandstone matrix, shale, cement behind casing
Ca Carbonates, cement

Fe Casing, tool housing

Bad cement quality affects readings (Table 3). A water-filled gap in
the cement behind the casing appears as water to the IC measure-
ment. Conversely, an oil-filled gap behind the casing appears as oil to
the IC measurement.

Table 3. RST and RSTPro Capture and Sigma Modes

Medium Sigma, cu
Gil 18t0 22
Gas Oto 12
Water, fresh 20t0 22
Water, saline 22t0120
Matrix 8012
Shale 3510 55
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Cement Bond Tool

Overview

The cement bond log (CBL) made with the Cement Bond Tool (CBT)
provides continuous measurement of the attenuation of sound pulses,
independent of casing fluid and transducer sensitivity. The tool is self-
calibrating and less sensitive to eccentering and sonde tilt than the
traditional single-spacing CBL tools. The CBT additionally gives the
attenuation of sound pulses from a receiver spaced 0.8 ft [0.24 m] from
the transmitter, which is used to aid interpretation in fast formations.

A CBL curve computed from the three attenuations available enables
comparison with CBLs based on the typical 3-ft [0.91-m] spacing.
This computed CBL continuously discriminates between the three
attenuations to choose the one best suited to the well conditions.
An interval transit-time curve for the casing is also recorded for
interpretation and quality control.

A Variable Density* log (VDL) is recorded simultaneously from a
receiver spaced 5 ft [1.62 m] from the transmitter. This display

Schiumbeprger

Calibration

Sonde normalization of sonic cement bond tools is performed with
every Q-check. Q-check frequency is also dependent on the number of
jobs run, exposure to high temperature, and other factors.

The sonic checkout setup used for calibration is supported with two
stands, one on each end. A stand in the center of the tube would distort
the waveform and cause errors. One end of the tube is elevated to assist
in removing all air in the system, and the tool is positioned in the tube
with centralizer rings.

Tool quality control

Standard curves
CBT standard curves are listed in Table 1.

Table 1. CBT Standard Curves

provides information on the cement/formation bond and other factors  Output Mnemonic Output Name
that are important to the interpretation of cement quality. CCL Casing collar locator amplitude

DATN Discriminated BHC attenuation
sPeciﬁcaﬁons DBI Discriminated bond index

DCBL Discriminated synthetic CBL
Measurement Specifications DT Interval transit time of casing (delta-t)
Output Attenuation measurement, CBL, DTMD Delta-t mud {mud slowness)

VDL image, transit times GR Gamma ray
Logging speed 1,800 fth [549 m/h]" NATN Near 2.4-ft attenuation
Range of measurement Formation and casing dependent NBI Near bond index
Vertical resclution \C/gl[: g 2 {O.gl m% NCBL Near synthetic CBL
: 152m . . P
Comet i 21051 e
AccuracY —= Fnrmatiop and casing dePendent SATN Short 0.8-ft attenuation’
— SCBL Short synthetic CBL'
Mud type or weight limitations None — -
" Speed can be reduced depending on data ualy m Tran§ntlme for mode 1 (upper transmitter,
receiver 3 [UT-R3])

TT2 Transit time for mode 2 (UT-R2)
Measurement Specifications TT3 Transit time for mode 3 {lower transmitter,
Temperature rating 350 degF [177 degCl] receiver 2 [LT-R2])
Pressure rating 20,000 psi [138 MPa]  T14 Transit time for mode 4 {LT-R3)
Borehole size—min. 3.375in [8.57¢cm) TT6 Transit time for mode 6 (UT-R1)
Borehole size—max. 13.375in [33.97 cm] ULTR Ratio of upper transmitter output strength to
Outside diameter 2.75 in [6.985 cm] the lower transmitter output strength
Weight 309 Ibm [140 kg) VDL Variable Density log

t1n fast formations only
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Operation
The tool should be run centralized.
A log should be made in a free-pipe zone (if available). Where a micro-

annulus is suspected, a repeat section should be made with pressure
applied to the casing.

Formats

The format in Fig. 1 is used both as an acquisition and quality
control format.

e Trackl
— DT and DTMD are derived from the transit-time measurements

from all transmitter-receiver pairs. They respond to eccentraliza-
tion of any of the six measurements modes and are a sensitive
indicator of wellbore conditions. In a low-quality cement bond or
free pipe, both readings are correct. In well-bonded sections, the
transit time may cycle skip, affecting the DT and DTMD values.

— CCL deflects in front of casing collars.

— GR is used for correlation purposes.

e Track 2
— DCBL is related to casing size, casing weight, and mud. As a

quality control DCBL should be checked against the expected
responses in known conditions (see the following section). Also,
DCBL should match the VDL image readings.

e Track3
— VDL is a map of the waveform amplitude versus depth and

it should have good contrast. It provides information on the
cement/formation bond, which is important for cement quality
interpretation. The VDL image should be cross checked that it
matches the DCBL readings. For example, in a free-pipe section,
the DCBL amplitude reads high and VDL shows strong casing
arrivals with no formation arrivals. In a zone of good bond for
the casing to the formation, the CBL amplitude reads low and
the VDL has weak casing arrivals and clear formation arrivals.

PiP SUMMARY

[l Time Mark Every €0 S

Casing Collar Locator (CCL)

-19 (—-' 1
............ Tension (TENS) . ......
3000 (LBF) 0
G Ray (GR)
0 {GAPI) 150
| _Delta-T Compressional (OT) |
32 (USF) 82
Min Amplitude Max
__________ Delta-T Mud (DTMD) | Discriminated Synthetic CBL (DCBL) (1T 1 T T o
150 (USIF) 250 0 (Mv) 100 VDL VariableDensity (VDL)
200 (us) 1200
[\ H \
{ H
H >
p, 3
; e il —_—
: 2
1 =

\
!
i

Figure 1. CBT standard format for CBL and VDL
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The format in Fig. 2 is also used both as an acquisition and quality
control format.

e Trackl

— The transit time pairs should overlay (TT1C overlays TT3C,
and TT2C overlays TT4C) because these pairs are derived
from equivalent transmitter-receiver spacings. In very good
cement sections, the transit-time curve may be affected by cycle
skipping. DT and DTMD may be also affected.

e Track2

e Track 3

— DATN should equal NATN in free-pipe sections. In the presence
of cement behind casing and in normal conditions, NATN reads
higher than DATN.

e Track4
— VDL is a map of the waveform amplitude versus depth that
should have good contrast. It provides information on the

cement/formation bond, which is important for cement quality
interpretation. The VDL image should be cross checked that it

— The ULTR and R32R ratios are quality indicators of the trans- matches the DCBL readings.
mitter or receiver strengths. They should be 0 dB + 3 dB, unless
one of the transmitters or receivers is weak. Both curves should
be checked for consistency and stability.
PIP SUMMARY
[l Time Mark Every 60 S
Caslng Collar Locator (CCL)
-19 — )
S Tension (TENS) ___
2000 {LBF) [}
G Ray (GR)
o (GAPI) 150
......... Transit Time 4 (TT4C) |
400 (us) 200
Transit Time 3 (TT3C) |
400 (Us) 200
| _TransitTime2(¥T2C) |
400 (us) 200
| TransitTime 1 (TTIC) |
400 (US) 200
Upper-Low
er
| _Delta-T Compressional (pT) _ | Tranmitter |  year pseudo-Attenuation (NATN) |
32 (US/F) g2| Ratio 3 (DB/F) 0
(ULTR)
| {OBFF) |
-3 3
R2to R3 N
Sensitivity Min Amplitude Max
__________ Delta-TMud (DTMD) | Ratio | Discriminated Attenuation (DATN) |
150 (USIF) 250| (R3z2R) (20 (DBIF) 0 VDL VariableDensity (VDL)
..(DBJF)___| 200 (us) 1200
-3 3
; H
4 <l
B : :I;:"‘
I 7 AN
: \")
Id : :
E i 4
! : i
] i

Figure 2. Additional CBT standard format for CBL and VDL.
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Response in known conditions

¢ DT in casing should read the value for steel (57 us/ft + 2 us/ft
[187 us/m + 6.6 us/m}).

e DTMD should be compared with known velocities (water-base
mud: 180-200 us/ft [590-656 us/m], oil-base mud: 210280 us/ft
[689-919 us/m]).

¢ Typical responses for different casing sizes and weights are listed
in Table 2.

Table 2. Typical CBT Response in Known Conditions

Casing Size, in Casing Weight, DCBL in M1, us 12, us TT5, us
Ibm/ft Free Pipe, mV

45 11.6 84+8 252 195 104

5 13 17+7 259 203 112

5.5 17 EY) 267 210 120

7 24 61+6 290 233 140
8625 38 55+ 6 314 257 166
9625 40 52+5 329 272 NM*

! Although the CBT operates in up to 13%-in casing, the VOL presentation mainly shows casing arrivals where casings of 9% in and larger are logged
* NM = not meaningful
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Cement Bond Logging

Overview

Cement bond tools measure the bond between the casing and the
cement placed in the annulus between the casing and the wellbore.
The measurement is made by using acoustic sonic and ultrasonic tools.
In the case of sonic tools, the measurement is usually displayed on a
cement bond log (CBL) in millivolt units, decibel attenuation, or both.
Reduction of the reading in millivolts or increase of the decibel attenu-
ation is an indication of better-quality bonding of the cement behind
the casing to the casing wall. Factors that affect the quality of the
cement bonding are

e cement job design and execution as well as effective mud removal
e compressive strength of the cement in place

¢ temperature and pressure changes applied to the casing after cementing
e epoxy resin applied to the outer wall of the casing.

Specifications

Schiumberger

The recorded CBL provides a continuous measurement of the ampli-
tude of sound pulses produced by a transmitter-receiver pair spaced
3-ft [0.91-m] apart. This amplitude is at a maximum in uncemented
free pipe and minimized in well-cemented casing. A transit-time (IT)
curve of the waveform first arrival is also recorded for interpretation
and quality control.

A Variable Density* log (VDL) is recorded simultaneously from a
receiver spaced 5 ft [1.52 m] from the transmitter. The VDL display
provides information on the cement quality and cement/formation bond.

Measurement Specifications

Digital Sonic Logging Tool (DSLT) and Hestile
Environment Sonic Logging Tool (HSLT)

with Borehole-Compensated (BHC)

Slim Array Sonic Tool {SSLT) and
SlimXtreme* Sonic Logging Tool (QSLT)

Output SLS-C, SLS-D, SLS-W, and SLS-E:f 3-ft [0.91-m] CBL and attenuation
3-ft[0.91-m] CBL 1-ft [0.30-m] attenuation
Variable Density waveforms 5-ft [1.52-m] Variable Density waveforms
Logging speed 3,600 ft/h [1,097 m/h] 3,600 ft/h [1,097 m/]

Range of measurement 40 to 200 us/ft {131 to 656 us/m]

40 to 400 us/ft [131 to 1,312 us/m]

Vertical resolution Amplitude (mV): 3 ft [0.91 m]

VDL: 5t [1.52 m]

Near attenuation: 1 ft [0.30 m]
Amplitude (mV): 3 ft [0.91 m]
VDL: 5t [1.52 m]

Depth of investigation
(DCBLY): Casing and cement interface
VDL: Depends on cement bonding
and formation properties

Synthetic CBL from discriminated attenuation

DCBL: Casing and cement interface
VDL: Depends on cement bonding
and formation properties

Mud type or weight limitations None

None

Special applications

Conveyed on wireline, drillpipe,

or coiled tubing

Logging through drillpipe and tubing,
in small casings, fast formations

*The DSLT uses the Sonic Logging Sonde JSLS| to measure cement bond amplitude and VOL evaluation
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Mechanical Specifications

DSLT

HSLT

SSLT

asLT

Temperature rating

302 degF [150 degC]

500 degF [260 degC]

302 degF (150 degC]

500 degF [260 degC]

Pressure rating

20,000 psi [138 MPa]

25,000 psi [172 MPa]

14,000 psi {97 MPa)

30,000 psi [207 MPa]

Casing |D—min.

5in[12.70 cm)

5in [12.70 cm]

3%in [8.89 cm]

4in [10.16 cm)

Casing |D—max.

18in [45.72 cm]

18in [45.72 cm]

8in [20.32 cm]

8in [20.32 cm]

Outside diameter 3% in [9.21 cm] 3% in [9.53 cm] 2% in [6.35 cm] 3in [7.62 cm]
Length SLS-C and SLS-D: 18.7 ft [5.71 m] With HSLS-W sonde: 23.1ft[7.04 m] 23 ft[7.01 m]
SLS-E and SLS-W: 20.6 ft [6.23 m] 265t [1.77 m] With inline centralizers: With inline centralizers:
29.6 ft [9.02 m] 299t [9.11 m]
Weight SLS-C and SLS-D: 273 Ibm [124 kg] With HSLS-W sonde: 232 Ibm [105 kg] 295 Ibm [134 kg]
SLS-E and SLS-W: 313 Ibm [142 kg] 440 Ibm [199 kg] With inline centralizers: With inline centralizers:
300 lbm {136 kg] 407 Ibm [185 kg]
Tension 29,700 Ibf [132,110 N] 29,700 Ibf {132,110 N] 13,000 Ibf [67,830 N] 13,000 Ibf [57,830 N]

Compression

SLS-C and SLS-D:
1,700 Ibf [7,560 N]

With HSLS-W sonde:
2,870 Ibf [12,770 N]

4,400 Ibf [19,570 N]

4,400 Ibf 19,570 N]

SLS-E and SLS-W:
2,870 Ibf [12,770 N]

Calibration

Sonde normalization of sonic cement bond tools is performed with
every Q-check. Scheduled frequency of Q-checks varies for each tool.
Q-check frequency is also dependent on the number of jobs run,
exposure to high temperature, and other factors.

The sonic checkout setup used for calibration is supported with two
stands, one on each end. A stand in the center of the tube would distort
the waveform and cause errors. One end of the tube is elevated to assist
in removing all air in the system, and the tool is positioned in the tube
with centralizer rings.

Tool quality control

Standard curves
CBL standard curves are listed in Table 1.

Table 1. CBL Standard Curves

Operation
The tool must be run centralized.
A log should be made in a free-pipe zone (if available). Where a micro-

annulus is suspected, a repeat section should be made with pressure
applied to the casing.

Formats
The format in Fig. 1 is used for both acquisition and quality control.

e Track1
— TT and TTSL should be constant through the log interval
and should overlay. These curves deflect near casing col-
lars. In sections of very good cement, the signal amplitude is
low; detection may be affected by cycle skipping. GR is used for
correlation purposes, and CCL serves as a reference for future
cased hole correlations..
e Track 2

— CBL measured in millivolts from the fixed gate should be equal

Output Mnemonic Output Name to CBSL measured from the sliding gate, except in cases of cycle

BI Bond index skipping or detection on noise.

CBL Cement bond log (fixed gate) o Track3

gg:. EI:::;::::;'T::(:; ;:ge;taf;nd log - VDL lS a presentation of the acoustic waveform at a receiver of

CoL Casing collar log a sonic measurement. The amplitude is presented in shades of a

= o gray scale. The VDL should show good contrast. In free pipe, it

= Transit time (fxed gate] should be straight lines with chevron patterns at the casing col-
— = lars. In a good bond, it should be gray (low amplitudes) or show

TTSL Traf‘s" time (s_"d'"g gate) strong formation signals (wavy lines).

VDL Variable Density log
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Figure 1. DSLT standard format.

Response in known conditions

The responses in Table 2 are for clean, free casing.

Table 2. Typical CBL Response in Known Conditions

Casing 0D, in Weight, 1bm/ft

Nominal Casing 1D, in CBL Amplitude Response

in Free Pipe, mV

5 13 4.494 77+8
55 17 4.892 AEY)
7 23 6.366 62+6
8.625 36 1.825 55+ 6
9.625 4 8.681 52+5
10.75 51 9.850 49+5
13.375 61 12.515 43+ 4
18.625 87.5 17.755 354

PIP SUMMARY
= Casing Collars
[l Time Mark Every 60 8
Casing Collar Locator (CCL)
-19 (—- 1
| Transit Time (Sliding Gate) (TTSL) __|
400 (Us) 200
Transit Time (TT) | CBL Amplitude (Sliding Gate) (CBSL) __
400 (Us) 200 0 (MV) 100
Tension Min Amplitude Max
G Ray (GR) (TENS) CBL Amplitude (CBL)
0 (GAPI) 150 (LBF) |0 (MV) 100 VDL VariableDensity (VDL)
] 2000 200 (Us) 1200
(,\ ';
g : {
: i

\\ i

P i ]

N :

< ; L
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Usl

Overview

The USI* ultrasonic imager tool (USIT) uses a single transducer
mounted on an Ultrasonic Rotating Sub (USRS) on the bottom of
the tool. The transmitter emits ultrasonic pulses between 200 and
700 kHz and measures the received ultrasonic waveforms reflected
from the internal and external casing interfaces. The rate of decay of
the waveforms received indicates the quality of the cement bond at the
cement-to-casing interface, and the resonant frequency of the casing
provides the casing wall thickness required for pipe inspection.

Because the transducer is mounted on the rotating sub, the entire cir-
cumference of the casing is scanned. This 360° data coverage enables
evaluation of the quality of the cement bond as well as determination
of the internal and external casing condition. The very high angular and
vertical resolutions can detect channels as narrow as 1.2 in [3.05 cm].
Cement bond, thickness, internal and external radii, and self-explanatory
maps are generated in real time at the wellsite.

Specifications

schiumberger

Calibration

There is no calibration for the USI tool. The fluid properties measure-
ment (FPM) of the wellbore fluid impedance (AIBK) and the fluid
slowness (FVEL) is used for early input into the impedance model. The
thickness of the subassembly reference plate (THBK) is also measured
and output with FPM. FPM is recorded versus time while running in
hole and output both as a time-depth log and as crossplots of FVEL
versus depth and AIBK versus depth.

A before-survey tool check is conducted to verify basic tool operation.

Measurement Specifications

Mechanical Specifications

Output Acoustic impedance, cement bonding to casing,
internal radius, casing thickness

400 to 3,600 ft/h* [122 to 1,097 m/h]

Acoustic impedance: 0to 10 Mrayl
[0 to 10 MPa.s/m]

Standard: 6 in [15.24 cm]

Logging speed
Range of measurement

Vertical resolution

Temperature rating

350 degF [177 degC]

Pressure rating

20,000 psi [138 MPa]

Casing size—min.

4% in [11.43 cm]

Casing size—ma-x.

13% in [33.97 cm]

Outside diameter

3.375in [8.57 cm]

A Loss than 3.3 Mravl: 0.5 Mravi Length? 19.75 ft [6.02 m]
-
Dcc"hracfy. — ces? an 2.3 ey = ray Weight! 333 1bm [151 kgl
Me‘:ty° '“"es"?a;?" M;‘St'“g';“ce'“e:‘l']"“: ‘:;‘;'b s Tension 40,000 b [177,930 N]
ud type or weig ater-base mud: Up to 15.9 Ibm/ga -
limitations* Qil-base mud: Up to 11.2 lbm/galUS Compression 4,000 Ibf {17,790 N]
T N . t Extluding the rotating sub
Combinability Bottom-only tool, combinable with most tools

Special applications Identification and orientation of narrow channels

*Speed depends on the resolution selected
*Exact value depends on the type of mud system and casing size
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Tool quality control

Standard curves
The USI standard curves are listed in Table 1.

Table 1. USI Standard Curves

Output Mnemonic Output Name

AIBK Acoustic impedance fluid properties
measurement {FPM)

AVMN Minimum amplitude

AWAZ Average amplitude

AWMX Maximum amplitude

AZEC Azimuth of eccentering

ECCE Tool eccentering

ERAV Average external radius

ERMN Minimum external radius

ERMX Maximum external radius

FVEL Fluid acoustic slowness

FVEM _ Fluid velocity FPM

GNMN Minimum value of automatic gain {UPGA)
in 6-in interval

GNMX Maximum value of UPGA in 6-in interval

HRTT Transit-time (TT) histogram

IDQC Internal diameter quality check

IRAV Average internal radius

IRMN Minimum internal radius

IRMX Maximum internal radius

THAV Average thickness

THBK Reference plate thickness FPM

THMN Minimum thickness

THMX Maximum thickness

USBI Ultrasonic bond index

USGI Ultrasonic gas index

WDMN Waveform delay minimum

WDMX Waveform delay maximum

WPKA Waveform peak amplitude histogram

Operation

The USI tool should be run centered. The tool has centralizers in its
sonde. Eccentering should be less than 0.02 in [0.508 mm] per inch of
casing diameter.

In deviated wells, knuckle joints must be used along with centralizers
on tools above in the string.

Cement information is critical for setting the USIT field parameters.

Formats
The format in Fig. 1 is used mainly as a quality control.

e Trackl

— The WPKA histogram is a distribution of the waveform measured
by the USIT transducer. The image scale and color represents
the number of samples and their corresponding peak amplitude
in binary bits.

e Track 2
— IDQC should match the actual casing internal diameter.

— WDMN and WDMX should be within 10 us of each other, The
difference is due to casing deformation or tool eccentralization,

e Track3

— GNMX and GNMN are the maximum and minimum gains,
respectively, in the depth frame and should range between 0
and 10 dB.

e Track4

~ The HRTT image represents the histogram of the TT mea-
surements on a black background, which corresponds to the
positions of the peak detection window. The coherence in the
log track is desired; most of the echoes should be inside the
window. Measured transit times should be well within the peak
detection window in a good hole. If the blue color is out of the
detection windows, parameters must be adjusted on the job to
the windows.
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WDMN_WDMX
From WDMN to
WDMX

Waveform Delay

200 (US) 120

Waveform Delay
Min (WDMN)

MAX Value of UPGA
in 6 Inches Interval

20 (US) 120

L {GNMX) _ _
-60 (DB) 60

Cable
Speed (CS)

Internal Diameter
Quality Check

0 (IN) 15

MIN Value of UPGA
in 6 Inches Interval

| _(DQac)_ | _(GNMN) |

-60 (DB) 60

i
r"t‘.
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—t
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XX00
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i
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Figure 1. USIT standard format.

Response in known conditions

¢ The average internal radius and thickness measured by the tool
should match the actual nominal internal radius of the casing.

¢ The expected responses in the measurement mode are listed in

Table 2.

Table 2. Typical USI Response in Known Conditions

\

Formation Acoustic Impedance, Mrayl

Free gas or gas microannulus <0.3

Fresh water 1.5

Drilling fluids 1.5t03.0

Cement slurries 1.8t0 3.0

LITEFIL* cement (1.4 g/cm3) 37t043

Neat cement (1.9 g/cm?) 6.0t0 8.4
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Elkins, Timothy
Subject: FW: Demonstration of Non Endangerment

Date: Tuesday, February 25, 2014 11:35:00 AM
Attachments: Demonstration of USDW Non Endangerment Ver03.pdf
Tyler,

On page 37 of the draft FGA PISC, we will need some descriptions of how non-endangerment will
be determined for site closure. Here is a draft of what ADM is considering if that helps.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: McDonald, Scott [mailto:Scott.McDonald@adm.com]
Sent: Friday, February 07, 2014 8:51 PM

To: Rzeznik, Dana; McDonald, Jeffrey; Bayer, MaryRose
Subject: Demonstration of Non Endangerment

One more file. I will give you a call on Monday or feel free to call me on my cell phone if you have
any questions regarding the documents. Thanks

Best Regards,

Scott MCDONALD

Biofuels Development Director
Project Director, IL-ICCS Project
Archer Daniels Midland Company
1001 N. Brush College Rd.
Decatur, IL 62521

217-451-5142: Direct
217-451-2457: Fax
217-358-2437: Cell
scott.mcdonald@adm.com

From: McDonald, Scott
Sent: Friday, February 07, 2014 8:46 PM
To: Dana Rzeznik (rzeznik.dana@epa.gov); Jeff McDonald USEPA; Mary Rose Bayer

(bayer.maryrose@epa.gov)
Subject: Alternative PISC with Sensitivity and Uncertainty Analysis
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Demonstration of USDW Non-Endangerment

Prior to approval of the end of PISC period, the operator will submit a demonstration of non-
endangerment of USDWs to the UIC Program Director [40 CFR 146.93(b)(3)].

The operator will issue a report to the UIC Program Director. This report will make a
demonstration of USDW non-endangerment based on the evaluation of the site monitoring data
used in conjunction with the project’s computational model. The report will include a Site
Closure Plan detailing how the non-endangerment demonstration evaluation uses site-specific
conditions to confirm and demonstrate non-endangerment. The report will include all relevant
monitoring data and interpretations upon which the non-endangerment demonstration is based and
any other information necessary for the UIC Program Director to replicate the analysis. The report
will include the following sections:

Summary of Existing Monitoring Data

A summary of all previous monitoring data at the site, including data collected during the
injection and PISC phases of the project, will be submitted to demonstrate non-endangerment.
Data submittals will be in a format acceptable to the UIC Program Director [40 CFR 146.90(e)],
and will include a narrative explanation of monitoring activities, including the dates of all
monitoring events, changes to the monitoring program over time, and an explanation of all
monitoring infrastructure that has existed at the site. Data will be compared with baseline data
collected during the site characterization 40 CFR 146.82(a)(6) and 146.87(d)(3).

Comparison of Monitoring Data and Model Predictions and Model Documentation

The results of computational modeling used for AoR delineation and for demonstration of an
alternative PISC timeframe will be compared to monitoring data collected during the operational
and the PISC period. The data will include time-lapse temperature, pressure, ground water
analysis, passive seismic, and geophysical surveys; i.e. logging, VSP, and 3D surface seismic
surveys, used to update the computational model and to monitor the site. Data generated during
the PISC period will be used to show that the computational model accurately represents our
storage site and can be used as a proxy to determine the plume’s properties and size. The
operator will demonstrate this degree of accuracy by comparing the monitoring data obtained
during the PISC period against the model’s predicted properties (i.e. plume location, rate of
movement, and pressure decay). Statistical methods will be employed to correlate the data and
confirm the model’s ability to accurately represent the storage site. The validation of the
computational model with the large volume of available data will be a significant element to
support the non-endangerment demonstration. Further, the validation of the complete model
over the areas, and at the points, where direct data collection has taken place will ensure
confidence in the model for those areas where surface infrastructure preclude geophysical data
collection and where direct observation wells cannot be placed.

Evaluation of Carbon Dioxide Plume

The operator will use a combination of time-lapse RST logs, time-lapse VSP surveys, and
potentially other seismic methods (2D or 3D surveys) to locate and track the movement of the CO,
plume. Figure 1 and Figure 2 present examples of how the data may be correlated against the
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model prediction. In Figure 1, a series of RST logs are compared against the model’s predicted
plume vertical extent at a specific point location at a specified time interval. A good correlation
between the two data sets will provide strong evidence in validating the model’s ability to
represent the storage system. Similarly, Figure 2 illustrates a comparison of the time-lapse VSPs
against the predicted spacial extent of the plume at a specified time interval. Also, limited 2D and
3D seismic surveys may be employed to determine the plume location at specific times. The data
produced by these activities will be compared against the model using statistical methods to
validate the model’s ability to accurately represent the storage site.

Regarding the separate-phase carbon dioxide plume, the PISC monitoring data will show the
stabilization of the CO, plume as the reservoir pressure returns to its pre-injection state. Our
storage site (Mt Simon) is considered to be an open reservoir system with a regional dip oriented
NW (up-dip) to SE (down-dip) and having excellent porosity (20%) and permeability (120 mD).
Locally, the storage interval has thin stratigraphic bands of low permeability siltstone to mudstone.
These bands act as baffles that restrict the plume’s vertical movement. During the PISC period, the
CO, will gradually rise through the reservoir until it encounters a baffle at which time it pools and
spreads laterally. Based on the results of 50 year PISC simulation, the top of the CO, plume is
about 900 vertical feet below the primary seal formation (Eau Claire Shale). Additionally, the
model predicts that over half the CO, has become immobilized within the formation. This in
conjunction with the reservoir pressure returning to its pre-injection state indicates there is
essentially no driving force to cause significant plume movement. Indeed, the middle Mt. Simon
contains intervals of eolian sandstone which are very tightly cemented by quartz overgrowths with
some facies having permeabilities <0.01 mD. These intervals will act as more than a baffle and
will significantly impede any vertical plume migration due to buoyancy forces.

The stabilization in the plume combined with the lack of local penetrations of the seal formation will
be significant factors in the operator’s demonstration of non-endangerment. Because plume
stabilization is central to demonstrating non-endangerment, a case was examined to determine how
long it would take a growing plume to reach the nearest penetration of the seal formation. Shown in
Figure 6, the closest penetration of the seal formation is approximately 17 miles from the injection
well. Assuming the plume continues to grow at 1% per year, it would take over 600 years for the
plume to reach this plugged and abandoned well. Because this well is down dip from the injection
well, it is likely the plume will never reach this location.
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Time Lapse RST logs show the development
of the vertical extent of CO, over time.
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Figure 1: Comparison of the time-lapse RST logs against the predicted vertical
extent of the plume at a specific time interval during the operational and PISC
period can provide validation of the model’s accuracy.

Time Lapse VSP surveys show the development of the
vertical and lateral extent of CO, over time.
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Figure 2: Comparison of the time-lapse VSPs against the predicted spacial
extent of the plume at a specific time intervals during the operational and PISC
period can provide validation of the model’s accuracy.
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Evaluation of Mobilized Fluids

In addition to carbon dioxide, mobilized fluids may pose an ongoing risk to USDWSs. These
include native fluids that are high in TDS and therefore may impair a USDW, and fluids
containing mobilized drinking water contaminants (e.g., arsenic, mercury, hydrogen sulfide).
The geochemical data collected from monitoring wells will be used to demonstrate that no
mobilized fluids have moved above the seal formation and therefore after the PISC period
would not pose a risk to USDWSs. In order to demonstrate non endangerment, the operator will
compare the operational and PISC period samples of the lowermost USDW against the pre-
injection baseline samples. This comparison will show that no significant changes have
occurred in the fluid properties of the overlying formations. This will demonstrate that no
mobilized formation fluids have moved through the seal formation. This validation of seal
integrity will demonstrate that the injectate and or mobilized fluids would not represent an
endangerment to the lowermost USDW.

Additionally, RST logs will be used to monitor the salinity of the reservoir fluids in the
observation zone above the Eau Claire Shale seal. Figure 3 shows the relationship between
salinity and sigma for two different temperatures while Table 1 shows the compositions of the
ground water at various intervals. This table shows the difference between the salinity level of
the Mt Simon and the Ironton Galesville (the interval directly above the confining zone). By
comparing the time lapse RTS logs against the pre-injection baseline logs, the operator will be
able to monitor any changes in reservoir fluid salinity. RST logs indicating steady salinity
levels within each zone would indicate no movement of fluids out of the storage unit,
confirming the integrity of the well and seal formation.

Salinity vs Sigma water
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Figure 3: The red and blue lines show the relationship between salinity and sigma for at 100°F
and 200°F.
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Table 1: Fluid parameters for the Pennsylvanian, Ironton-Galesville, and Mt Simon.

Constituent Pennsylvanian Ironton-Galesville Mt. Simon
Conductivity (mS/cm) 15 80 170
TDS (mg/L) 1,000 65,600 190,000
CI" (mg/L) 170 36,900 120,000
Br (mg/L) 1 180 680
Alkalinity (mg/L) 380 130 80
Na" (mg/L) 140 17,200 50,000
Ca®* (mg/L) 100 5,200 19,000
K" (mg/L) 1 520 1,700
Mg®* (mg/L) 50 950 1,800
pH (units) 7.2 6.9 5.9

Evaluation of Reservoir Pressure

The operator will also demonstrate non-endangerment to USDWs by showing that during the
PISC period, the pressure within the Mt Simon rapidly decreases to its pre-injection static
reservoir pressure. Because the increased pressure is the primary driving force for fluid
movement that may endanger a USDW, the decay in the pressure differentials will provided
strong justification that the injectate no longer poses a risk to the lowermost USDW.

The operator will monitor the downhole reservoir pressure at various locations and intervals
using a combination of surface and downhole pressure gauges. The measured pressure at a
specific depth interval will be compared against the pressure predicted by the computational
model. Agreement between the actuals and the predicted will validate the accuracy of the
model and further demonstrate non-endangerment. Figure 4 provides an illustrative example
of how the operator will demonstrate agreement between the computational model prediction
and the actual measured parameters at the various monitoring wells and respective
measurement depths. This figure shows that during the first 10 years of the PISC period, the
actual reservoir pressure (red line) falls to pre-injection levels and has a decay rate similar to
the rate predicted by the model. Based on risk-based criteria listed in the PISC and Site
Closure Plan, pressure decline to pre-injection levels is one factor indicative of USDW non-
endangerment. The close alignment between the predicted and actuals pressures will further
validate the model’s accuracy in representing the reservoir system.

Non Endangerment Demonstration: 1L-115-6A-0001
Preliminary Draft — do not distribute







VWH#2 - Pressure Differentials [P(t;)-P(t,)]
160
150 Pressure Port
140 Mean Depth (ft)
130
120 6,800
L T S T — PP Actual 6,800
100
90
= 80
Q
= 70
S
\Q_T' 60
= 50
a
= 40
30
20
10 -
o T I S LTV
-10
-20
2010 2015 2020 2025 2030
Year

Figure 4: Illustration of Verification Well #2 comparison of actual dP versus the predicted
monitoring interval dP during PISC period through year 2030.

One of the key comparisons that may be made is between the observed injection reservoir
pressure and the model predicted pressure. Figure 5 shows the differential reservoir pressure
predicted for three years after injection ceases relative to original static reservoir pressure. The
contour southwest of the CCS2 well is the 10 psi contour as predicted by the computational
model. Direct observations will be utilized during the PISC period to verify that pressure
observations at CCS2 have declined in conformance with the model. Pressure decline to this
level within this time frame is an indication of the excellent lateral continuity within the a
regionally extensive, open Mt. Simon reservoir. Observed reduction of reservoir pressure to this
extent would validate the model and indicate substantial reduction in the potential of injection-
pressure induced brine or CO2 migration.
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Figure 5: 10 psi differential pressure contour (inside red circle) shown at January 1, 2023.
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Evaluation of Potential Conduits for Fluid Movement

As shown in the alternative PISC timeframe demonstration, other than the project wells, there
are no potential conduits for fluid movement, or leakage pathways within the AoR. As shown in
Figure 6, the closest penetration of the seal formation is approximately 17 miles from the
injection well. Based on the computational model, if the plume was to continue to grow at 1%
per year it would take over 600 years for the plume to reach this well. Because this well is down
dip from the injection well, it is likely the plume will never reach this location. Based on this
information, the potential for fluid movement through artificial penetrations of the seal
formation does not present a risk of endangerment to the lowermost USDW.
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Figure 6: The closest penetration the seal formation (Eu Claire) is 17.2 miles from
CCS#2. Based on a plume growth of 1.0% per year, it would take over 600 years for the
project’s CO, plume to reach this well.

Evaluation of Passive Seismic Data

Finally, passive seismic monitoring will be used to further demonstrate seal formation
integrity. The operator will provide seismic monitoring data showing that no seismic events
have occurred that would indicate fracturing or fault activation near or through the seal
formation. This validation of seal integrity will provide further support to demonstrate the CO,
plume is no longer an endangerment to the lowermost USDW. Figure 6 illustrates how these
data could be presented. This figure shows a subset of locatable microseismic events occurring
during part of the IBDP project’s operational period. From this figure one can see that a
majority of the microseismic events occur in the lower Mt Simon and the Precambrian
basement. No events are observed near the Eau Claire seal formation indicating that no
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fracturing or fault activation is occurring within this formation. This provides additional
verification of the Eau Claire formation’s seal integrity and indicates that to date the response
to the imposed fluid pressures due to injection are confined to the vicinity of the injection zone
and below. Further, there is a very strong correlation of the occurrence of microseismic events
with fluid injection. Processing of the pre-injection seismic data has shown that the frequency
of natural occurring seismicity was negligible at the site. It has been observed that when there
is a sudden change in the injection rate (i.e. startup or shutdown), there is a brief increase in the
frequency of seismic activity that decreases as the reservoir pressure stabilizes. The
consequence of seismic events following pressure perturbations (waves), may allow this
technology to be used as an indirect method of pressure surveillance. Developing and utilizing
this technology for reservoir surveillance, may add another monitoring tool for the protection
and non-endangerment of the lowermost USDW.
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Figure 7: Visual representation showing the microseismic activity occurring during
the injection and post injection periods. (Figure provided by IBDP project)
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| was not sure if the MS word file would be delivered. Please see the attached PDF document. Let
me know if you have any questions.

Best Regards,

Scott MCDONALD

Biofuels Development Director
Project Director, IL-ICCS Project
Archer Daniels Midland Company
1001 N. Brush College Rd.
Decatur, IL 62521

217-451-5142: Direct
217-451-2457: Fax
217-358-2437: Cell
scott.mcdonald@adm.com

CONFIDENTIALITY NOTICE:

This message is intended for the use of the individual or entity to which it is
addressed and may contain information that is privileged, confidential and exempt
from disclosure under applicable law. If the reader of this message is not the intended
recipient or the employee or agent responsible for delivering this message to the
intended recipient, you are hereby notified that any dissemination, distribution or
copying of this communication is strictly prohibited. If you have received this
communication in error, please notify us immediately by email reply.
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew

Bcc: Timothy Elkins; Allan Batka; Mary McAuliffe; Krueger. Thomas
Subject: FW: FG T&M table

Date: Tuesday, January 21, 2014 12:39:00 PM

Attachments: FutureGen T&M Strateay Tables.xIsx

Tyler,

As noted, we think that this might help you and the FGA people fill in some holes in testing and
monitoring requirements. The folks here in the region went over it and agree with Molly’s
assessment. Let me know if you have any questions.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Bayer, MaryRose

Sent: Friday, January 17, 2014 3:45 PM
To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: FG T&M table

Jeff,

Attached is the T&M table | had Cadmus pull together. This should be VERY helpful in getting them
to narrow in on what they are planning. |1 would encourage you to take a quick look and send it on
to Tyler ASAP!

Thanks,

Molly

Mary Rose Bayer

Geologist, UIC GS Team Leader

U.S. Environmental Protection Agency

Office of Ground Water & Drinking Water: Prevention Branch
Phone: (202) 564-1981
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			INTRODUCTION


			This file is intended to summarize FutureGen's testing and monitoring strategy to comply with the Class VI requirements under: 
- 40 CFR 146.90(d) for geochemical monitoring above the confining zone; and  
- 40 CFR 146.90(g) for plume and pressure front monitoring. 

The information presented in the following tabs for these monitoring strategies is compiled from the permit application revision dated May 2013 and subsequent communications in November and December 2013. Copies of submitted information are also presented in the "Submissions" tab for reference purposes. 
































































































ACZ - Inj


						GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Injection Phase


























						QUESTIONS





						Instructions: Please fill in the red items in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)			Questions for Permit Applicant			Responses to Questions


						Ground Water Monitoring Above Confining Zone 
[40 CFR 146.90(d)]			Surficial aquifers			Fluid sampling			Local landowner wells

Locations of wells?			Approx. 10 point locations

Depth of sampling intervals?			3 events			Quarterly			Annually			Annually			·  The permit application lists this monitoring method as "under consideration." Will shallow aquifer sampling be carried out during the injection phase? 

·  What are the locations of the private wells that will be used for sampling? Has the location of the project-installed well been finalized, as indicated in the November 2013 communication? The location information for these wells may need to be finalized for the permitting process. 

·  What arrangements have been made to ensure access to these wells for the lifetime of the project?

·  Which target parameters will be selected for analysis at these wells and what is the justification for selecting these parameters? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.


															Project-installed well

Location of well?			1 point location

Depth of sampling interval?


									St. Peter			Fluid sampling			Lowermost USDW monitoring well

Location of well?			1 point location

Depth of sampling interval?			3 events			Quarterly			Annually			Annually			·  Has the location and depth of this well been finalized, as indicated in the November 2013 communication? The location information for these wells may need to be finalized for the permitting process. 

·  What arrangements have been made to ensure access to this well for the lifetime of the project?

·  Which target parameters will be selected for analysis at these wells and what is the justification for selecting these parameters? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.


									Ironton			Fluid sampling			ACZ early-detection monitoring well

Location of well?			1 point location

Depth of sampling interval?			3 events			Quarterly			Semi-annually			Annually			·  Has the location and depth of this well been finalized, as indicated in the November 2013 communication? The location information for these wells may need to be finalized for the permitting process. 

·  What arrangements have been made to ensure access to this well for the lifetime of the project?

·  Which target parameters will be selected for analysis at these wells and what is the justification for selecting these parameters? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.





40 CFR 146.90(d):
Testing and monitoring associated with geologic sequestration projects must, at a minimum, include periodic monitoring of the ground water quality and geochemical changes above the confining zone(s) that may be a result of carbon dioxide movement through the confining zone(s) or additional identified zones including:
   (1) The location and number of monitoring wells based on specific information about the geologic sequestration project, including injection rate and volume, geology, the presence of artificial penetrations, and other factors; and
   (2) The monitoring frequency and spatial distribution of monitoring wells based on baseline geochemical data that has been collected under 146.82(a)(6) and on any modeling results in the AoR evaluation required by 146.84(c).

UIC Program Class VI Well Testing and Monitoring Guidance:
The primary purpose of this monitoring is to identify potential injectate migration and/or native fluid displacement from the injection zone by detecting potential geochemical changes due to the introduction of the injectate or displaced formation fluids above the primary confining zone(s). EPA recommends that the geochemical monitoring be conducted in the first formation overlying the confining zone that has a sufficient permeability to support collection and analysis of ground water samples. However, the decision regarding which formation(s) to monitor will be based on site-specific conditions and will be determined in consultation with the UIC Program Director. The UIC Program Director may determine that monitoring ground water quality (or pressure) within additional zones, including USDWs, may be critical for a specific GS project. 
 





ACZ - PISC


						GROUND WATER/GEOCHEMICAL MONITORING ABOVE THE CONFINING ZONE - Post-Injection Phase





						Instructions: Please fill in the red items in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC			Questions for Permit Applicant			Responses to Questions


						Ground Water Monitoring Above Confining Zone 
[40 CFR 146.90(d)]			Surficial aquifers			Fluid sampling			Local landowner wells

Locations of wells?			Approx. 10 point locations

Depth of sampling intervals?			Every 5 years			·  The permit application lists this monitoring method as "under consideration." Will shallow aquifer sampling be carried out during the PISC phase? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.


															Project-installed well

Location of well?			1 point location

Depth of sampling interval?


									St. Peter			Fluid sampling			Lowermost USDW monitoring well

Location of well?			1 point location

Depth of sampling interval?			Every 5 years			·  If any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.


									Ironton			Fluid sampling			ACZ early-detection monitoring well

Location of well?			1 point location

Depth of sampling interval?			Every 5 years			·  If any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that USDWs may be affected by injection activities.








Plume - Inj


						PLUME MONITORING - Injection Phase




















						Instructions: Please complete the yellow highlighted cells and fill in the red items in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)			Questions for Permit Applicant			Responses to Questions


						Plume Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Fluid sampling			Single-level montoring wells

Locations of wells?			2 point locations

Depth of sampling intervals?			3 events			Annually			Annually			Every 2 years			·  Have the locations and depths of these wells been finalized, as indicated in the November 2013 communication? The location information for these wells may need to be finalized for the permitting process. 

·  What arrangements have been made to ensure access to these wells for the lifetime of the project?

·  Which target parameters will be selected for analysis at these wells and what is the justification for selecting these parameters? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that the plume is not behaving as expected.


															Multi-level monitoring well

Location of well?			1 point location with multiple sampling intervals

Depth of sampling intervals?			3 events			Quarterly			Semi-annually			Annually			·  Has the location and depth of this well been finalized, as indicated in the November 2013 communication? The location information for this well may need to be finalized for the permitting process. 

·  What arrangements have been made to ensure access to this well for the lifetime of the project?

·  Which target parameters will be selected for analysis at these wells and what is the justification for selecting these parameters? Also, if any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that the plume is not behaving as expected.


						Plume Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			VSP survey									Once			None			None			None			·  Please provide a description of the strategy that will be employed to track the plume using the data generated from each of these monitoring activities and how each activity will contribute to an overall monitoring strategy. This description, at a minimum, should provide the predicted values over time at each well and describe how the generated monitoring data will be compared to these results.


												Pulsed neutron capture logging or determination of reservoir CO2 saturation									Once after well completion			Annually			Annually			Annually


												Integrated deformation monitoring									2 year min.			Continuous			Continuous			Continuous


												Time-lapse gravity									Once			Semi-annually			Semi-annually			Semi-annually


												Microseismic monitoring									1 year min.			Continuous			Continuous			Continuous





40 CFR 146.90(g):
Testing and monitoring associated with geologic sequestration projects must, at a minimum, include testing and monitoring to track the extent of the carbon dioxide plume and the presence or absence of elevated pressure (e.g., pressure front) by using:
     (1) Direct methods in the injection zone; and 
     (2) Indirect methods (e.g., seismic, electrical, gravity, or electromagnetic surveys and/or down-hole carbon dioxide detection tools), unless the Director determines, based on site-specific geology, that such methods are not appropriate.





Plume - PISC


						PLUME MONITORING - Post-Injection Phase





						Instructions: Please complete the yellow highlighted cells in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC			Questions for Permit Applicant			Responses to Questions


						Plume Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Fluid sampling			Single-level montoring wells

Locations of wells?			2 point locations

Depth of sampling intervals?			Every 5 years			·  If any anomalies are observed, more frequent fluid sampling may be necessary. FutureGen should specify triggers for identifying any evidence that the plume is not behaving as expected.


															Multi-level monitoring well

Location of well?			1 point location with multiple sampling intervals

Depth of sampling intervals?


						Plume Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			Pulsed neutron capture logging or determination of reservoir CO2 saturation									None			·  Please provide a description of the strategy that will be employed to track the plume using the data generated from each of these monitoring activities and how each activity will contribute to an overall monitoring strategy. This description, at a minimum, should provide the predicted values over time at each well and describe how the generated monitoring data will be compared to these results.


												Integrated deformation monitoring									Continuous


												Time-lapse gravity									Every 5 years


												Microseismic monitoring									Continuous








Pressure Front - Inj


						PRESSURE-FRONT MONITORING - Injection Phase























						Instructions: Please complete the yellow highlighted cells in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - Baseline			Frequency - DOE Active Injection Startup (Years 1-3)			Frequency - DOE Active Injection (Years 4-5)			Frequency - Commercial Injection (Years 6-20)			Questions for Permit Applicant			Responses to Questions


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Pressure and temperature monitoring			Single-level montoring wells

Locations of wells?			2 point locations

Depth of sampling intervals?															·   More specific monitoring strategy information is needed for this method (i.e., predicted pressure values at each well over time and how pressure monitoring results will be compared to these predicted values).


															Multi-level monitoring well

Location of well?			1 point location with multiple sampling intervals

Depth of sampling intervals?															·   More specific monitoring strategy information is needed for this method (i.e., predicted pressure values at each well over time and how pressure monitoring results will be compared to these predicted values).


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon																								·  The Class VI Rule at 40 CFR 146.90(g)(2) requires indirect monitoring of the pressure front, unless the UIC Program Director determines that such methods are not appropriate for the site. What indirect monitoring methods will be used to track the pressure front and how will they contribute to the overall monitoring strategy?





40 CFR 146.90(g):
Testing and monitoring associated with geologic sequestration projects must, at a minimum, include testing and monitoring to track the extent of the carbon dioxide plume and the presence or absence of elevated pressure (e.g., pressure front) by using:
     (1) Direct methods in the injection zone; and 
     (2) Indirect methods (e.g., seismic, electrical, gravity, or electromagnetic surveys and/or down-hole carbon dioxide detection tools), unless the Director determines, based on site-specific geology, that such methods are not appropriate.






Pressure Front - PISC


						PRESSURE-FRONT MONITORING - Post-Injection Phase





						Instructions: Please complete the yellow highlighted cells in the table below and answer the questions listed in the column "Questions for Permit Applicant".





						Monitoring Category and Class VI Rule Citation			Target Formation			Monitoring Activity			Data Collection Location(s)			Spatial Coverage			Frequency - PISC			Questions for Permit Applicant			Responses to Questions


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

DIRECT MONITORING			Mt. Simon			Pressure and temperature monitoring			Single-level montoring wells

Locations of wells?			2 point locations

Depth of sampling intervals?						· The permit application states that "at least two wells in the injection zone will be retained for this purpose" during PISC (page 5.24). At which wells will monitoring take place?

·   More specific monitoring strategy information is needed for this method (i.e., predicted pressure values at each well over time and how pressure monitoring results will be compared to these predicted values).


															Multi-level monitoring well

Location of well?			1 point location with multiple sampling intervals

Depth of sampling intervals?


						Pressure-Front Monitoring 
[40 CFR 146.90(g)]

INDIRECT MONITORING			Mt. Simon			Not yet determined			Not yet determined			Not yet determined						·  The Class VI Rule at 40 CFR 146.90(g)(2) requires indirect monitoring of the pressure front, unless the UIC Program Director determines that such methods are not appropriate for the site. What indirect monitoring methods will be used to track the pressure front and how will they contribute to the overall monitoring strategy?








Submissions


			Table 5.3 from FutureGen's May 2013 Permit Application Revision:





			Update on indirect monitoring methods from November 2013 communication:
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U.S. Environmental Protection Agency Request for Addi
n 1, SUPPORTING DOCUMENTATION: Underground Injection Control Class VI Injection Well Permit Apy

egarding:
ns For FutureGen 2.0 Morgan County UIC Wells 1,2, 3, and 4

@

EPA Comment / Question / Request

FutureGen Response

Footn

e location of any wells required to support implementation
direct monitoring approaches will be determined once
didate technologies have been evaluated and the selection
cess completed.” FutureGen has selected locations for the
nitoring wells based on the preliminary modeling. Once

y begin on-site activity, these locations may change. If the
ttions do change, the monitoring wells will retain the intent
cribed in this plan.

\: When will these technologies be evaluated and
when will any changes be proposed?

The screening of the indirect monitoring approaches was conducted as part of the Front End
Engineering Design process. The selected indirect technologies will include the following:
©  pulsed neutron capture logging or determination of reservoir CO, saturation
integrated deformation monitoring
o time-apse gravity
©  microseismic monitoring.

In addition, a baseline VSP survey in at least one of the “Above Caprock Zone” (ACZ) wells will be
conducted after construction of the monitoring well network and if the EPA provides approval of the
UIC permit application.

The monitoring well locations have been identified; however land owner agreements still need to be
finalized. We anticipate that we will have the final agreements before the end of January, 2014 and
can map the locations at that time.

\ Form 7520-14 (Plugging & Abandonment Plan) is
sing.

\: Please provide for each well.

EPA Form 7520-14 has been completed for open-hole and cased-hole completions with laterals of
1,500 ft and 2,500 ft (4 forms, in Appendix B). These forms were unintentionally missing in the UIC
Permit Application and are being submitted with this response.

rmation concerning the slurry volume and slurry weight
he EverCrete cement is needed

(1) The slurry volume (yield) is 1.12 ft/sack.

(2) The slurry weight is 15.82 Ib/gal.

(3) Lab analyses of the EverCRETE-5 cement blend and a technical report are also attached (Appendix
Q.

Note that the Alliance plans to use a Class H cement, and the product brand, EverCRETE-S, is an
example of a class H cement.

igure 6.2, the 7" casing is set at 3400 feet, however a
ent retainer will be at 3900 feet, which is below the cased
..

170011000 <

The carbon-steel casing will be run to a depth of 3,400 ft and stainless steel casing will be run from
3,400t to 3,950 ft. For clarity, an updated version of Figure 6.2 is attached in Appendix D. For
consistency, Figures 4.4, 4.5, and 6.1 have also been updated and are provided in Appendix D.












From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Saieh, Patrick; Greenhagen, Andrew
Subject: FW: Message from "R5-16-21"

Date: Friday, January 31, 2014 11:51:00 AM
Attachments: 20140131112817566.pdf

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

----- Original Message-----

From: R5-16-21@epa.gov [mailto:R5-16-21@epa.gov]
Sent: Friday, January 31, 2014 10:28 AM

To: McDonald, Jeffrey
Subject: Message from "R5-16-21"

This E-mail was sent from "R5-16-21" (Aficio MP 6001).

Scan Date: 01.31.2014 11:28:17 (-0500)
Queries to: R5-16-21@epa.gov



mailto:Tyler.Gilmore@pnnl.gov

mailto:saieh.patrick@epa.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:R5-16-21@epa.gov
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Table 6.1, Intervals to Be Plugged and Materials/Metheds Used

Zone of Interest Depth Formation Plugging Method Plag Description
Description Cermented Interval Name Description " . Type Quantity
“Perforated Interval. 3,900~ 7,004 . - Mt. Simon """ Refainer -~ EverCRETE CO» "~ " 666 sacks -
(2,500 felateral) - o s e e e o s 0 Resistantor similar - (15% Excess)
Retainer Pug - 3,100 3,900~ Various * ~Balanced Plug “EverCRETE CO» 150 sacks
S S D ARt e Resistaﬂto_rs'imilar_ T
“Gel Spacer 158003100 Varions . Balanced Plug " 6% freshwater gl - . 482bbl
‘.Ix_ite_;mediélté Plug 1;50:0 _5_1?800 o Varmus Balanced Plug :Cl;ass A Neat 53 sacks -

‘Gel Spacer 700-1,500 © Varjous Balanced Plug . 6% freshwatergel  ~ 30bbl_
_Sﬁ;rface_ Plug 0- 7_00:_ Varions Balaﬁcgd Plug . Class A Neat 124 sacks -
Perforated Interval 3,500 — 6,004 Mt Simen Retainer EverCRETE CO»- 450 sacks
{1,500 ft lateral) . Resistant or similar  (15% Excess)
Retainer Plug 3,100 —3.900 Various Balanced Plug  EverCRETE COs- 150 sacks ‘,
Resistant or similar ' %:
Gel Spacer 1,800 - 3,100 Various Balanced Plug 6% freshwater gel 48.2 bbl
Intermediate Plug L,5G0 - 1,800 Various Balanced Plug Class A Neai 53 sacks
Gel Spacer 760~ 1,500 Various Balanced Plug 6% freshwater gel 30 bbl
Surface Plug 0700 Various Balanced Piug Class A Neat 124 sacks
‘Open Hole Interval 3,950 = 7,004 " M. Sion Retainer EverCRETE COp- 1,500 sacks
(2,500 1t 1ateral) S L . - B R _ _ Resistant or similar ~ (30% excess)
Retainer Plug 3,100~3,900 . Various. * - Balaoced Plug  EverCRETE. 150 sacks
Resistant or similar '
COs-Resistant or -
. _ ) : : - gimilar o
Gel Spacer 1,800-3,100.  Varois .~ BalancedPlug 6% freshwatergel 482 bbl
Intermediate Plug : 1.,5'00. %-_1,8_00 : : Vqriqﬁ_s _ " Balanced Plug Class A Neat - 53 sacks
Gel Spacer 700 1,500 iVarious  Balanced Plug - 6% freshwater gel 30 bbl
‘Surface Plug . D708 *'Var_ious _ ‘Balanced Plug Class A Neat S 124sacks
Open Hole Interval 3,900 — 6,004 Mt. Simon Retainer EverCRETE CO»- 1,200 sacks
{1,500 ft lateral) Resistant or similar ~ (30% Excess)
Retainer Plug 3,100 —-3,900 Various Balanced Plug  EverCRETE CO»- 150 sacks
Resistant or simmilar # 3
“Gel Spacer 1,80(—3,100 Various Balanced Plug 6% freshwater gel 48.2 bbl
Intermediate Plug 1,500 - 1,800 Various Balanced Plug Class A Neat 53 sacks
Gel Spacer 700~ 1,500 Various Balanced Plug 6% freshwater gel 30 bbl
Surface Plug 0—700 Various Balanced Plug Class A Neat 174 sacks
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From: McDonald, Jeffrey

To: "ru indiana.edu"

Cc: Greenhagen, Andrew

Subject: FutureGen application

Date: Thursday, November 14, 2013 4:40:00 PM
Rob,

It was good talking to you. Here are the links to our site with the application (sorry for the big file).
Section 2 is the section on site characterization.

Jeff
http://www.epa.gov/rSwater/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:rupp@indiana.edu

mailto:Greenhagen.Andrew@epa.gov

http://www.epa.gov/r5water/uic/futuregen/

http://www.epa.gov/r5water/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf




From: McDonald, Jeffrey

To: "finley@isgs.uiuc.edu"

Subject: FutureGen site characterization

Date: Thursday, November 14, 2013 4:42:00 PM
Rob,

It was good talking to you. Here are the links to our site with the application (sorry for the big file).
Section 2 is the section on site characterization.

Jeff
http://www.epa.gov/r5water/uic/futuregen

http://www.epa.gov/rSwater/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:finley@isgs.uiuc.edu

http://www.epa.gov/r5water/uic/futuregen/

http://www.epa.gov/r5water/uic/futuregen/pdfs/futuregen-permitapp-201303.pdf




From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Bayer, MaryRose; Greenhagen, Andrew

Subject: IR#10 02-20-14; question about pressure front tracking
Date: Thursday, February 20, 2014 1:33:00 PM

Tyler,

We were talking about FutureGen’s proposed monitoring scheme. The regulations at 40 CFR
146.90(g) state in part “Testing and monitoring to track the extent of the carbon dioxide plume and
the presence or absence of elevated pressure (e.g., the pressure front)...” [emphasis added]

Since FutureGen is proposing to only have wells monitoring the pressure in the Mt. Simon within
the predicted plume “footprint,” can you explain how the proposed monitoring will be addressing
this requirement? We suspect that someone besides us might ask us this.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:Tyler.Gilmore@pnnl.gov

mailto:Bayer.MaryRose@epa.gov

mailto:Greenhagen.Andrew@epa.gov




From: McDonald, Jeffrey

To: Gilmore, Tyler J

Cc: Greenhagen, Andrew; Bayer, MaryRose

Bec: Smith, Robert H

Subject: IR4_01-14-2014 for the FGA permit applications
Date: Tuesday, January 14, 2014 3:51:00 PM

Tyler,

Here is some additional questions/comments that we had looking at the applications. After you look at them, can you let me know approximately how
long you anticipate the FGA/PNNL will need to respond?

Thanks,
Jeff
Appl. Appl.
RAl or item # Subject Page Section. EPA Comment / Question / Request FutureGen Response

“Actual products may vary from
those described above.” This
language is problematic in that the
regulations require that the Director
approve the annular fluid. Although
01-14-14 1 we are not precluding any potential
changes in the future, please provide
the single, anticipated choice for this
matter so that the EPA can decide if
Construction and Operations it meets the regulatory

- Annulus fluids 4.13 4.2.5 requirements.

Although you may be considering
both open-hole completions or
cased-hole completions, a decision
on this matter needs to be made
before any permit decision. Although
01-14-14 2 we are not precluding any potential
changes in the future, please provide
the single, anticipated choice for this
matter so that the EPA can decide if
Construction and Operations | 4.15 to 4.2.7 and | it meets the regulatory

- Open vs cased inj. Zone 4.18 4.2.8 requirements.

The EPA would like to see more
details on the pre-operational testing
plan discussed in this section. Some
data that will come out of this
formation testing (e.g., analysis of
Construction and Operations Mt. Simon, St. Peter and New

- Pre-operational formation Richmond formations) are important
testing plan 4.19 4.2.9 in review.

01-14-14_3

A stimulation plan has not been
submitted at this point. If one is
submitted soon, then It can be
evaluated prior to any permit
decision. If a permit is issued, a
stimulation plan can be included in
the record. If a stimulation plan is
submitted after a permit decision,
then a permit modification
(assuming a permit is issued) would
Construction and Operations be required to add a stimulation

- Stimulation plan 4.4 4.22 plan.

01-14-14_4

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:tyler.gilmore@pnnl.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:Bayer.MaryRose@epa.gov

mailto:smith.roberth@epa.gov




From:
To:

Bec:
Subject:
Date:

McDonald, Jeffrey
“Gilmore, Tyler J"
Deardorff, Jason; Simmons. Lillateese

IR5 01-16-14 regarding the ERRP that would go into any potential permit

Thursday, January 16, 2014 12:23:00 PM

Tyler,

Here are some questions regarding the Emergency and Remedial Response Plan (ERRP). Lilly and Jason feel that some of these might be resolvable over the phone.

Would you have time to talk at either 4pm CST today or 11am CST tomorrow?

Jeff

RAl or item #

Subject

Appl.
Page

Appl.
Section.

EPA Comment / Question / Request

FutureGen Response

01-16-14_1

Emergency and Remedial
Response (ERR) Plan

Please assign a relative risk
measurement to each emergency
scenario discussed in the application
and if the event has the potential to
cause varying levels of risk depending
on severity and/or circumstances, please
explain this.

01-16-14_2

Emergency and Remedial
Response (ERR) Plan

Please provide a table listing
operational positions and what specific
ERR training will be provided to each
position

01-16-14_3

Emergency and Remedial
Response (ERR) Plan

Please link emergency response
procedures and emergency scenarios in
the ERR Plan to procedures in the
Testing and Monitoring Plan where
appropriate.

01-16-14_4

Emergency and Remedial
Response (ERR) Plan

ERR scenario of monitoring well
malfunction: It seems there should be a
distinction between a monitoring well
malfunction that requires an emergency
response (monitoring well mechanical
integrity failure) and a device
malfunction that requires repair.
Additionally, is there a backup
monitoring scheme in the event of an
equipment failure at one or more wells?
(e.g., temporary use of manual
measurements down hole or changes in
the Testing and Monitoring Plan to
compensate for non-functioning
monitoring wells)

01-16-14_5

Emergency and Remedial
Response (ERR) Plan

Regarding ERR scenario of a loss of
M1 of the injection well: Does this
assume an uncontrollable loss of Ml
that cannot be re-established? If so,
how does grout or chemical sealant
barrier in an adjoining well stop fluid
movement via vertical channels along
the wellbore of the injection well? Does
the adjoining well intersect the leaking
injection well?

01-16-14_6

Emergency and Remedial
Response (ERR) Plan

Please provide a potential response
addressing fluid movement into each of
the monitored USDWs individually. If
the appropriate response procedures are
identical for each, please attest to this.

01-16-14_7

Emergency and Remedial
Response (ERR) Plan

Please include the ERR scenario of
CO2 moving rapidly and unexpectedly
in one direction and finding conduits

for upward movement beyond the AOR.

01-16-14_8

Emergency and Remedial
Response (ERR) Plan

ERR scenario of an earthquake: What
are the procedures or protocols for
determining whether harm has occurred
and/or determining causation of the
earthquake? Are response procedures
different for different magnitudes of
seismic event?




mailto:tyler.gilmore@pnnl.gov

mailto:Deardorff.Jason@epa.gov

mailto:simmons.lilly@epa.gov

mailto:smith.roberth@epa.gov

mailto:mcauliffe.mary@epa.gov

mailto:krueger.thomas@epa.gov



01-16-14_9

Emergency and Remedial
Response (ERR) Plan

Discuss with FG that the EPA Director
will authorize injection once all
requirements have been met (the
application states that FutureGen will
inform the Director when injection is
scheduled to begin).

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov






From: McDonald, Jeffrey

To: “Gilmore, Tyler J'

Cc: Greenhagen, Andrew

Bec: Saieh, Patrick; Roy. Stephen; Elkins, Timothy; Batka. Allan; Bayer. MaryRose; Simmons. Lillateese; Akhavan, Maryam; Wawczak, Jeffrey; Krueger, Thomas; McAuliffe. Mary; Tong.
William

Subject: Informal Request (IR) # 3 (IR3-01-10-14)

Date: Friday, January 10, 2014 2:38:00 PM

Tyler,

Here are some comments/questions that we have for you and the applicant (FGA). | will gladly talk to you today, Monday, or whenever to clarify any
questions you might have with these. As you can see, | copied this from our internal tracking. We will distinguish formal RAIs from informal requests (IRs),
hence this being called IR #3. Do you think that a response to these could be sent back to us by the end of next week?

Thanks,

Jeff
Appl.
RAl or item # Subject Appl. Page Section. EPA Comment / Question / Request FutureGen Response
It appears that FutureGen will not be
making a demonstration for an
01-10-14 1 Alternative PISC 71 7.0 alternative PISC period (other than the
- timeframe : ’ 50 year default). We assume that if

FutureGen makes a demonstration for a
PISC other than the 50 year default, this
will happen in the future. Is this correct?

This bullet point states that pressure
gauges will be pulled and recalibrated
during a well workover, when the
injection and monitoring well tubing is
pulled. Question: Is this frequency of
pressure monitor calibration adequate?
01-10-14_2 Testing and Monitoring 5.25 5.2.3.3 How often does Future Gen anticipate it
will pull the tubing of the well? We think
that redundant gauges should be run to
provide confirmation of downhole
pressure and temperature. If you agree,
what frequency and/or duration will you
have both gauges in place to support
this?

Figure 2.11 shows a fracture gradient of
0.647 psi/ft for the Elmhust formation.
Therefore, the maximum injection
pressure must be calculated using the
lowest fracture gradient of the EImhust
formation of 647psi/ft x 0.9=.5823

P max at the wellhead=[{0.5823-
(.433)(.8322)}3867.9]-14.7=844psig

Where: From table 4.2, the density of
01-10-14_3 Fig. 2.11 the CO2 is 51.95 #/ft3, therefore, the
specific gravity = 51.95/62.42=0.8322

The maximum injection pressure in the
injection zone =
(0.433)(0.8322)(3867.9)+844=2238psig
From Table 4.3, the maximum bottom-
hole injection pressure is 2358psi

Please provide details information about
the equation and parameters used to
come up with a maximum injection
pressure of 1847 psi

The FGA plans to calibrate the
computational modeling used for the
AoR and PISC with monitoring data once




mailto:tyler.gilmore@pnnl.gov

mailto:Greenhagen.Andrew@epa.gov

mailto:saieh.patrick@epa.gov

mailto:roy.stephen@epa.gov

mailto:elkins.timothy@epa.gov

mailto:batka.allan@epa.gov

mailto:Bayer.MaryRose@epa.gov

mailto:simmons.lilly@epa.gov

mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=897ba4d60e8949ec8fd8a0365a59e123-Akhavan, Maryam

mailto:wawczak.jeffrey@epa.gov

mailto:krueger.thomas@epa.gov

mailto:mcauliffe.mary@epa.gov

mailto:tong.william@epa.gov

mailto:tong.william@epa.gov



01-10-14_4

PISC

7.1

7.1

operational, however it is unclear if
there is a schedule that the FGA plans to
use for this purpose. The regulations
require reevaluations every 5 years, but
will the FGA conduct model calibration
prior to that anniversary or more
frequently, and if so, when or with what
frequency?

01-10-14_5

PISC

3.27t03.34

7.1.3 and
3.1.6

The computational model results
indicate that a small fraction of the
injected CO2 will enter the lower part of
the Lombard formation. If authorized
under any UIC permits, the injection
zone will need to include that lower part
of the Lombard. Please determine what
members or submembers of the
Lombard are expected to receive CO2
and will therefore be part of any
permitted injection zone.

01-10-14_6

PISC and T&M

7.5

7.2and
5.2

Specific locations of monitoring wells
need to be identified for any permit
decision including what specific
parameters will be monitored for.

01-10-14_7

PISC and T&M

7.5

7.2.2

Please state whether FGA will use a
“multi-level monitoring system within a
single casing string with multiple sample
intervals” or a “multi-level piezometer
installation.”

01-10-14_8

PISC and T&M

7.6

7.2.3 and
5.2

Please indicate which method the FGA
intends to use to compy with the
requirements for indirect CO2 plume
monitoring (40 CFR 146.90(g)). Please
ensure that this covers both the injection
and post injection phases of the project.

01-10-14_9

PISC and T&M

7.9

Jeffrey R. McDonald, Geologist

Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]
(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

The site closure plan should name the
specific agencies who will be notified of
site closure and verify that no tribal
authorities must be included per 40 CFR
146.93()(2).







From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Saieh, Patrick

Bcc: Krueger, Thomas; McAuliffe, Mary; Shari.Ring@cadmusgroup.com; Akhavan. Maryam
Subject: Plugging and Construction plans

Date: Wednesday, February 26, 2014 1:53:00 PM

Attachments: P&A and Const.docx

Tyler,

These are a couple of small plans (in one document) that would be attached to a permit. | don’t
think that we had shown you these before and | apologize for the relatively late transmission.
Some of the information needs updating and those areas highlighted. Please look at where those
area are, update them, and return to us. Some are references to the open hole option that were
being considered. Other issues are corrections of plug locations and detailing where well
perforations will be. Also, the last paragraph has information about injection pressure limitations
and calculations where we would like to seek clarity on.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov



mailto:Tyler.Gilmore@pnnl.gov

mailto:Greenhagen.Andrew@epa.gov
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mailto:Akhavan.Maryam@epa.gov









ATTACHMENT D





INJECTION WELL PLUGGING PLAN





			Facility Information 





Facility name: FutureGen Industrial Alliance


Facility contacts: Kenneth K. Humphreys


Location: Morgan  County








			Planned tests or measures to determine bottom-hole reservoir pressure:


Bottom-hole pressure measurements will be used to determine the pressure required to squeeze the cement from the well casing into the injection reservoir. In addition, these data will be used to determine the need for well control equipment. The weight of brine required to prevent the well from flowing will be calculated using this information. The pressure measurements will also be used to determine the formulation of cement to be used to plug the well (i.e., cement-setting retardants may need to be added to the cement to prevent premature setting and curing of the cement). Bottom-hole pressure measurements will be performed and recorded throughout the duration of the project. Pressure gauges will be placed in the injection tubing or within the deep casing string within the injection zone and these pressure-measurement devices will allow for continuous, real-time, surface readout of the pressure data. The bottom-hole reservoir pressure will be obtained using the final measurements from the pressure gauges in the injection zone after the injection of CO2. After the bottom-hole pressure is determined, a buffered fluid (brine) will be used to flush and fill each well to maintain pressure control of the well. The bottom-hole pressure will be used to determine the proper weight of brine that should be used to stabilize each well.








			





			Planned external mechanical integrity test(s):


An initial (baseline) temperature log and/or oxygen-activation log will be run on the well after well construction but prior to commencing CO2 injection. These baseline log(s) will serve as a reference for comparing future temperature and/or oxygen-activation logs for evaluating external mechanical integrity.


 


Temperature Logging


Temperature logs can be used to identify fluid movement along channels adjacent to the well bore. In addition to identifying injection-related flows behind casing, temperature logs can often locate small casing leaks. Injection of CO2 will have a cooling or heating effect on the natural temperature in the storage reservoirs, depending on the temperature of the injected CO2 and other factors. Once injection starts, the flowing temperature will stabilize quickly (assuming conditions remain steady). When an injection well is shut-in for temperature logging, the well bore fluid begins to revert toward ambient conditions. Zones


that have taken injectate, either by design or not, will exhibit a “storage” signature on shut-in temperature


surveys (storage signatures are normally cold anomalies in deeper wells, but may be cool or hot depending on the temperature contrast between the injectate and the reservoir). Losses behind pipe from the injection zone can be detected on both flowing and shut-in temperature surveys and exhibit a “loss” signature. For temperature logging to be effective for detecting fluid leaks, there should be a contrast in the temperature of the injected CO2 and the reservoir temperature. The greater the contrast in the CO2 when it reaches the injection zone and the ambient reservoir temperature, the easier it will be to detect temperature anomalies due to leakage behind casing. Based on data from the stratigraphic well, ambient bottom-hole temperatures in the Mount Simon Sandstone are expected to be approximately 100°F; the temperature of the injected CO2 is anticipated to be on the order of 72°F to 90°at the surface (depending on time of year) but will undergo some additional heating as it travels down the well. After the baseline (i.e., prior to injection) temperature log has been run to determine ambient reservoir temperature in each well, it will be possible to determine whether there will be sufficient temperature contrast to make the temperature log an effective method for evaluating external mechanical integrity. Temperature logging would be conducted through the tubing and therefore would not require removal of the tubing and packer from the well. The Alliance will consult the EPA Region 5 guidance for conducting temperature logging (EPA 2008) when performing this test.





Oxygen-Activation Logging


Oxygen activation is a geophysical logging technique that uses a pulsed-neutron capture tool to quantify the flow of water in or around a borehole. For purposes of demonstrating external mechanical integrity, a baseline oxygen activation will be run prior to the start of CO2 injection and compared to later runs to determine changing fluid flow conditions adjacent to the well bore (i.e., formation of channels or other fluid isolation concerns related to the well). The pulsed-neutron tool emits high-energy neutrons that interact with water molecules present in the casing-formation annular space, among others. This temporarily activates oxygen (16O) to produce an isotope of nitrogen (16N) that decays back to oxygen with a half-life of 7.1 seconds and emits an easily detected gamma ray. Typical pulsed-neutron capture tools have two or three gamma-ray detectors (above and below the neutron source) to detect the movement of the activated molecules, from which water velocity can then be calculated. The depth of investigation for oxygen-activation logging is typically less than 1 ft; therefore, this log type provides information immediately adjacent to the well bore. Repeat runs will be made under conditions that mimic baseline conditions (e.g., similar logging speeds and tool coefficients) as closely as possible to ensure comparability between baseline and repeat data. The Alliance will consult the EPA Region 5 guidance for conducting the oxygen-activation logging The temperature log will be run over the entire depth of each injection well. Data from the logging run will be evaluated for anomalies in the temperature curve, which would be indicative of fluid migration outside of the injection zone. These data will also be compared to data from the logs performed prior to injection of CO2 into the well. Deviations between the temperature logs performed before and after the injection of CO2 may indicate issues related to the integrity of the well casing or cement.

















			






























































Information on Plugs:	Comment by Jeffrey McDonald: This table needs to be updated.





			


			Plug #1


			Plug #2


			Plug #3


			Plug #4


			Plug #5


			Plug #6


			Plug #7





			Diameter of Boring in Which Plug Will be Placed 


			    9.5


			   7


			    7


			      7


			       7


			     7


			





			Depth to Bottom of Tubing or Drill Pipe 


			    6004


			 6004


			6004


			6004


			6004


			6004


			





			Sacks of Cement to be Used (each plug)


			 1200


			150


			


			53


			


			124


			





			Slurry Volume to be Pumped


			1710


			214


			203


			80


			126


			187


			





			Slurry Weight 


			15.8


			15.8


			


			15.6


			


			15.6


			





			Top of Plug 


			3900


			3100


			1800


			1500


			700


			      0


			





			Bottom of Plug 


			6004


			3900


			3100


			1800


			1500


			700


			





			Type of Cement or Other Material 


			Class H


			Class H


			6% Gel


			Class A


			6% Gel


			Class A


			





			Method of Emplacement (e.g., balance method, retainer method, or two-plug method)


			Balance 


			Method
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INSERT SIGNED 7520-14 P&A PLAN HERE 


[Note: This will be the originally signed copy that is placed in any potential permit]



ATTACHMENT G





CONSTRUCTION DETAILS





Attachments: 








[image: ]	Comment by Jeffrey McDonald: This table needs to be revised to show the agreed upon, cased hole construction.


[image: ]	Comment by Jeffrey McDonald: This should be updated to show proposed perforations.
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Pre-Injection Testing Plan





The pre-operational formation testing program will be implemented to obtain an analysis of the


chemical and physical characteristics of the injection zone and confining zone(s) and that meets the testing requirements of 40 CFR 146.87 and well construction requirements of 40 CFR 146.86. The preoperational testing program will include a combination of logging, coring, formation geohydrologic testing (e.g., a pump test and/or injectivity tests), and other activities during the drilling and construction of the CO2 injection well. The pre-operational testing program will determine or verify the depth, thickness, mineralogy, lithology, porosity, permeability, and geomechanical information of the Mount Simon Sandstone (CO2 injection zone), the overlying Eau Claire Formation (confining zone), and other relevant geologic formations. In addition, formation fluid characteristics will be obtained from the Mount Simon Sandstone to establish baseline data against which future measurements may be compared after the start of injection operations. The results of the testing activities will be documented in a report and submitted to the EPA after the well drilling and testing activities have been completed but before the start of CO2 injection operations. Before drilling the injection wells, a vertical pilot hole will be drilled through the Mount Simon Formation at the injection well location to collect pre-operational characterization and testing data for the injection wells. After completing the characterization and testing in the vertical pilot hole, the borehole will be plugged (cemented) from total depth to the kick-off point (approximate depth of 3,200 ft bgs) and converted to one of the horizontal injection wells. Additional selected pre-operational testing will be conducted within one or more lateral boreholes.





Wireline Logging


Open-borehole logs will be run to obtain densely spaced, in situ, structural, stratigraphic, physical, chemical, and geomechanical information for Mount Simon Sandstone, the Eau Claire confining zone, and other key formations. Open-borehole characterization logs will be obtained at the surface casing point, the intermediate casing point, and at the long-string casing point (i.e., total borehole depth) in the vertical pilot borehole. Open-borehole wireline logs will not be run in the 30-in.-diameter conductor casing borehole because logging tools are not suited for this large-diameter hole size. Open-borehole logs will include caliper, gamma, spontaneous potential (or brine formation equivalent), resistivity, neutron, density, photoelectric cross-section, sonic (full waveform), nuclear magnetic resonance, resistivity-based and/or acoustic-based micro-image, and gamma spectroscopy logs.








Stimulation Program And Operating Data


The need for stimulation to enhance the injectivity potential of the Mount Simon Sandstone is not anticipated at this time. The need for stimulation will be determined once the characterization data from the CO2 injection wells are available and have been evaluated (i.e., results of geophysical logs, core analyses, hydrogeologic testing). If it is determined that stimulation techniques are needed, a stimulation plan will be developed and submitted to EPA Region 5 for review and approval prior to conducting any stimulation.





Average and Maximum Wellhead Injection Pressure


A thermohydraulic analysis was conducted to determine the required surface (i.e., injection) pressure for the CO2 injection wells. The injection well site is designed to have a maximum instantaneous injection rate of 3,546 MT/d. This equates to an annual injection rate of 1.1 MMT/yr injected during 310.25 days to account for an 85 percent availability factor for the capture system. The representative case that is the current design basis for the CO2 injection system is based on a 4 horizontal well configuration  However, three well scenarios have also been considered and may be implemented (if formation hydraulic  properties allow) to provide additional operational flexibility during injection and well maintenance activities. To account for this possible injection well configuration, the well and tubing design calculations presented in this section are based on a three well configuration. To achieve the target injection rate, the injection pressure must be greater than the minimum bottomhole pressure required to drive the CO2 into the reservoir formation, but the injection pressure must be maintained below the maximum safe pressure to avoid fracturing. The minimum bottom-hole pressure to provide the required flow rate into the Mount Simon Sandstone was determined by subsurface reservoir modeling. The maximum safe bottom-hole pressure was specified as 90 percent of the rock’s fracture pressure (0.9 x 0.656 psi/ft = 0.585 psi/ft) at the depth where the CO2 is injected (note: the fracture pressure is based on data obtained from the FutureGen Project 2.0 stratigraphic well, so this calculation will be updated after additional characterization data are obtained from the injection well). For conservatism, the required injection pressure was calculated based on the assumption that the required bottom-hole pressure is equal to the maximum safe bottom-hole pressure.  A steady-state, one-dimensional flow model was used to calculate the pressure drop along a series of segments of the well. Pressure changes from frictional loss, gravity head, and acceleration of the flow are included in the model. The CO2 density is calculated from the pressure and temperature using the CO2 state equation of Span and Wagner (1996). The CO2 is assumed to be a liquid or supercritical fluid and the calculation stops if two-phase conditions occur. The internal energy at the end of a pipe segment was calculated from the energy equation accounting for the heat transfer from or into the CO2 stream from the surrounding soil or rock, change in potential energy due to pressure and elevation, and kinetic energy of the flow. For the well, the ultimate heat sink is the rock far away from the well so steady-state heat transfer cannot be assumed. Instead, an equivalent heat conductance was defined at a given elapsed time after injection starts based on the heat flux calculated with a one-dimensional transient finite-difference conduction model. The effective conductance is greatest when injection is initiated, and then decreases over time as the rock near the well approaches the fluid temperature, eventually approaching zero effective heat transfer (adiabatic condition).


Depending upon the ambient rock temperature profile and the CO2 temperature at the wellhead, net heat transfer may be from the fluid to the rock or from the rock to the fluid. Changes in the internal energy and temperature of the CO2 with depth cause gradual changes in density, which in turn change the velocity and pressure drop. If the friction pressure drop is large (e.g., high velocity flow through small injection tubing), fluid expansion is significant as it moves down the pressure gradient. The resulting cooling effect can potentially have a greater impact on the CO2 temperature than heat transfer to the surroundings. Part of the bottom-hole pressure required to support the necessary flow into the rock is provided by hydrostatic head associated with the weight of the column of fluid in the well. This depends upon the fluid density, which varies with pressure and temperature because of the compressibility of scCO2. Lower temperature at the wellhead increases the fluid density and decreases the wellhead pressure required to provide the necessary bottom-hole pressure. Frictional pressure drop in the injection tubing must also be overcome. High frictional losses associated with undersized tubing would make high wellhead pressures necessary to support a given flow rate. Larger tubing sizes require lower injection pressures but larger wells. Conversely, smaller tubing sizes require smaller wells but higher injection pressures. A well design was sought that does not require injection pressure greater than the pressure of the CO2 at the outlet of the CO2 pipeline (approximately 1,847 psi) in order to avoid the need for supplemental compression at the storage site. Wellhead injection pressures were calculated for the following conditions: a flow rate of 1,182 MT/d (i.e., assuming 100 percent of the CO2 is injected into three wells), five sizes of injection tubing ranging from 3.5 to 5.5 in. in diameter (3.5 in. 4.0 in., 4.5 in., 5.0 in., and 5.5 in.); and two different surface CO2 temperatures (72.2°F and 90°F) to represent the range of anticipated CO2 temperatures at the injection wells during winter and summer, respectively. All of these conditions were evaluated for the case where there is heat transfer with the surrounding rock and for the case where there is no heat transfer with the surrounding rock (adiabatic). Required injection pressures are higher in summer than winter due to lower density, leading to less hydrostatic head in the fluid column and higher frictional losses because of higher fluid velocities. The results of the thermohydraulic analysis show that required wellhead pressures for the 3.5-in. tubing case range from 1,197 psia to 1,378 psia, depending on the injection temperature and whether or not heat transfer is taken into account. These results also show that the required injection pressures are below the estimated pressure of the CO2 at the outlet of the CO2 pipeline (1,847 psi), even for the smallest tubing size evaluated. Therefore, supplemental compression will not be required. A well with a larger tubing size would require a lower injection pressure, but well costs would be higher. Therefore, the injection wells were designed to accommodate a 3.5-in.-diameter tubing string. The maximum injection pressure serves to prevent confining-formation fracturing. For maximum injection pressure using a downhole pressure gauge, the maximum pressure is calculated as follow:  90% of Fracture Pressure of the injection zone.  Therefore, the maximum injection pressure using downhole pressure gauge is:  2252 psia or 2252-14.7 = 2237 psig. For surface maximum wellhead injection pressure, this limitation was calculated using the following formula: [{90% of fracture gradient-(.433psi/ft)(specific gravity)} X upper depth of the injection zone ] + friction loss. The maximum wellhead injection pressure is: [{0.585-(.433)( .64 )}3850 +180] -14.7 = 1351psig	Comment by Jeffrey McDonald: We need to talk about this. The 180 psi is what we consider to be friction loss, etc., but we need to justify this independent of the CO2FLOW program if possible. Otherwise, we might leave it out.


If the downhole pressure gauge fails to function properly, then the maximum injection pressure shall immediately be limited to the calculated surface pressure until the downhole pressure gauge is repaired or replaced.
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Akhavan, Maryam
Subject: RE: 2/4/14 phone call

Date: Wednesday, February 05, 2014 4:55:00 PM

Tyler,

Regarding that last point, we may have to get together soon to make sure we (and
everything in the applications, plans, etc.) are all on the same page. Construction,
modeling, etc. all need to align in terms of proposed injection intervals.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]

mcdonald.jeffrey@epa.gov

From: McDonald, Jeffrey

Sent: Wednesday, February 05, 2014 4:37 PM

To: 'Gilmore, Tyler J'

Cc: Greenhagen, Andrew; Bayer, MaryRose; Lucinda Swartz; Jaime Rooke
Subject: 2/4/14 phone call

Tyler,

As I mentioned on the phone today and yesterday, people from our
office, HQ, and the Cadmus Group spoke yesterday about our review of
FutureGen’s (FG’s) financial responsibility (FR) for the proposed
permits. FG currently proposes to have an insurance plan for the
ERRP and a trust fund to cover all the other FR aspects of the
proposed wells. Regarding the insurance, we will need more
information on how a proposed insurance policy would meet the
regulatory requirements. You said that you and/or Lucy would pass
along what you have learned exploring that issue. You also
reiterated your offer to have a call between you, us, and the
insurance underwriter, possibly on Friday (2/7). I think that could
be helpful. It would need to fit it into Molly and Jaime’s schedules
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since they know the most about this subject.

Regarding the trust fund, although we see reasons for having funds
in the trust prior to any potential draft permit decision, we think
that having a fully executed trust (without the funds) may be
sufficient to demonstrate that part of FR at the time of a possible
draft permit decision. If that is the case, then the trust must have
a schedule (perhaps Schedule B of the draft plan that was sent to
you 1/28/14) that details when funds need to be in the trust fund
and what those amounts are (Note: we are still evaluating those
estimated costs and will discuss any discrepancies/concerns we
identify). We were thinking that the initial amount (under the draft
plan that was sent to you 1/28/14) might be scheduled to be in place
within one week of any final permit decision, but before the
effective date of the permit. This would allow FG to place those
funds in the trust anytime before or during the comment period, and
past that up to one week after the final permit decision date. All
of this, of course, is assuming the Agency makes an affirmative
determination regarding whether to issue permits for these proposed
wells. The schedule would then have the remaining funds needed for
the trust fund divided over a three year period. Of course, there
are inflation adjustments that will have to be considered annually
so numbers might evolve. The first of the three annual payments into
the trust would be required before initial injection (of any of the
proposed wells) is authorized. The next two payments would be due
annually after that payment, again with inflation and/or

cost adjustments as needed. This would be in Schedule B (or
elsewhere?) of the Trust and therefore be an enforceable permit
condition.

We also talked about the injection zone depiction. I told you that I
was reviewing the draft AOR and Corrective Action plan. A number of
graphics in it from the permit applications indicate an injection
interval around 4040’ BGS. Construction details and other
discussions we’ve had suggest that FG was proposing injecting from
that depth up to the top of the Mt. Simon as well as the Elmhurst.
My discussion with you confirmed that the modeling was done with
that broader injection interval. This matches the proposed
construction also. If those graphics are used, we’ll need them
corrected to show the broader range of depths where injection is
proposed to take place. They should also be amended to reflect the
injection zone includes the lower submembers of the Lombard that the
model predicts will be accepting injected CO2. We will send you a
draft AOR and Corrective Action plan shortly which will note these





and other suggested changes.

Jeff






From: McDonald, Jeffrey

To: "Gilmore, Tyler J"
Cc: Bayer, MaryRose; Saieh, Patrick; Akhavan, Maryam; Greenhagen, Andrew;

Deniz.Demirkanli@cadmusgroup.com; Bonneville, Alain; Williams, Mark D; Spane, Frank A; Appriou, Delphine;
Vermeul, V R (Vince); Krueger, Thomas; McAuliffe, Mary

Subject: RE: Analysis of Pressure Impacts and Protection of USDW
Date: Friday, January 24, 2014 4:21:00 PM
Tyler,

Thanks for this info and the response to our 1/14 request you sent last night. As we discussed on
the call, we’d like to see the wellbore pressure calculations that you used to come up with surface
injection pressures. I'd like to see how we might be able to use them. | am still thinking that there
may be some simplicity to regulating maximum injection pressures down hole. In the past, such
suggestions tended to complicate compliance determination if we would have accepted the idea
(always a factor for when crafting conditions). However, | think in the proposed project, having a
down-hole point of compliance for an injection pressure limitation might avoid more complications
than are created. Let me talk to the folks here and I'll get back to you shortly.

Thanks again,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]

Sent: Thursday, January 23, 2014 5:24 PM

To: McDonald, Jeffrey

Cc: Bayer, MaryRose; Saieh, Patrick; Akhavan, Maryam; Greenhagen, Andrew;
Deniz.Demirkanli@cadmusgroup.com; Bonneville, Alain; Williams, Mark D; Spane, Frank A; Appriou,
Delphine; Vermeul, V R (Vince)

Subject: Analysis of Pressure Impacts and Protection of USDW

All,

Thank you for the discussion this morning on our conference call. As follow-up,
attached is a DRAFT of our "Analysis of Impacts on Lowermost USDW from
Focused Leakage of Brine from Plugged and Abandoned or Poorly Constructed
Wells at the FutureGen 2.0 Site" This report is in support of our AoR designation
in the UIC application. The attached copy is only a draft and we plan to update it
with a sensitivity analysis of Chian's 2011 validated model outputs with outputs
from his newer 2013 model. We will also update the permeability values used for
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the Potosi based on available literature and permit records. We will send you a
"final" version when we've completed these updates before the end of next week.

Under separate cover we will send you more information on the well bore
pressure calculations and the shape file for the AoR. We'll also load the shapefile
on the Input Advisor for GS3. Let me know if there are other items that you need
which will help in your evaluation.

Thanks

Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)






From: McDonald, Jeffrey

To: "Gilmore, Tyler J*

Subject: RE: Annular Pressurization System for Injection Wells
Date: Friday, February 07, 2014 4:27:00 PM

Thanks

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Friday, February 07, 2014 4:09 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Annular Pressurization System for Injection Wells

Jeff,
Attached are our responses to your questions on the Annular Pressurization System

(IR8_01-31-2014). Please call if you have any questions.
Thanks
Tyler



mailto:Tyler.Gilmore@pnnl.gov




From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Williams. Mark D

Cc: Greenhagen, Andrew; Bayer, MaryRose; Vermeul, V R (Vince); Roy, Stephen; Smith, Robert H; Akhavan
Maryam; "Deniz (Inci) Demirkanli"”

Subject: RE: AoR delineation

Date: Friday, February 28, 2014 10:10:00 AM

Tyler,

I may not be able to make the call today, but I'd suggest still moving forward with it with Molly and
Maryam from HQ, Inci at Cadmus, and Steve Roy and Rob Smith from our office.

We think we should discuss:
e  Qur rationale (beyond what | have stated so far) for needing to look at pressure beyond the
projected plume footprint.
e That we are working to clarify the applicability of the Nicot method and understanding any
limitations of it.
o Exploring PNNL’s perspective on things like:
0 The result you get when applying the Nicot method
O Limitations of a pressure defined AoR
0 Other options for an AoR defined by pressure

Again, I’'m sorry | probably won’t be able to make the call.

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]

Sent: Friday, February 28, 2014 7:24 AM

To: McDonald, Jeffrey; Williams, Mark D

Cc: Greenhagen, Andrew; Bayer, MaryRose; Vermeul, V R (Vince)
Subject: RE: AoR delineation

Morning Jeff,
Would it be possible to have a conference call later today to discuss this in more detail? Some of the
conditions in the Nicot paper are not applicable to our site. For example

The FutureGen site does not conform to two of the four assumptions in the Nicot 2008 paper (pg.
49)

a. Assumes system is “normally pressured”

b. Assumes “no thief zone between the USDW and the injection formation”
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The other two assumptions are that the borehole fluid temperature is in thermal
equilibrium with the formations and that the formations are mostly flat.

We would like to discuss how we could satisfy the regulations by monitoring for pressure and as you
alluded to in your message we will be measuring indicators of pressure beyond the area of the separate
phase CO2 front with the deformation and microseismic approaches. We would like to understand if
more is needed.

Thanks

Tyler

I'm traveling back to the northwest right now and hope to be available by phone sometime after noon
(PST). Is it possible to have a call after that time today?

Thanks

Tyler

From: McDonald, Jeffrey [mcdonald.jeffrey@epa.gov]

Sent: Thursday, February 27, 2014 3:33 PM

To: Williams, Mark D

Cc: Gilmore, Tyler J; Greenhagen, Andrew; Bayer, MaryRose
Subject: AoR delineation

Mark,

Thanks for talking today about the FutureGen Alliance (FGA) project. As we discussed, the issue of
how the AoR is defined for this project has been a subject of discussion internally and with PNNL.
Some of the issues that have caused us concern are:

« the regulatory requirement to track the pressure front

 the relatively small AoR that the plume footprint would define compared to one defined by
increased formation pressures

« the inconsistent approach if ADM uses the Nicot method and the FGA uses the Birkholzer
method

Although using the Nicot method is likely to result in a large AoR, we think that this needs to be
considered. | think the FGA/PNNL has looked at this large area already, so we hope this is not too
great a burden. We need to talk about how pressure might be monitored in the Mt. Simon, in the
near plume and distant areas. We have had some discussions with you and your colleagues on this
issue this week and previously. A few of the items that we'd like FGA to provide (by Monday,
3/3/14 ideally) are:

* acomplete list of wells that penetrate the confining zone within a Nicot method described
AoR. We think this is the maximum extent of the 5 psi contour. That is, where the Mt. Simon
might be expected to have 5 psi above the current formation pressure based upon the
proposed injection when the contour is furthest from the project location.

» an expanded list of all the monitoring wells with their predicted pressure profiles (injection
and post injection phases)

« details on their DINSAR monitoring





o how much area are you proposing to monitor?

o how sensitive this is to changes in pressure. Specifically, can you overlay changes in
pressure with changes in surface deformation?

« Details on how far outside the plume the passive seismic monitoring can “see” and what
resolution you expect with increasing distance.
Please correct me if | missed an issue that we discussed. As always, if you and Tyler have
guestions or comments, please let us know.

Thanks,

Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288
mcdonald.jeffrey@epa.gov
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From: McDonald, Jeffrey

To: Jens Birkholzer

Subject: RE: AoR re-interpretation

Date: Monday, July 15, 2013 1:49:58 PM

Jens,

Thanks. Sorry | didn't reply sooner. I'll take a look and give you some feedback as soon as | can.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288

mcdonald.jeffrey@epa.gov

From: Jens Birkholzer <jtbirkholzer@Ibl.gov>
Sent: Wednesday, July 10, 2013 2:27 PM
To: McDonald, Jeffrey

Subject: AoR re-interpretation

Dear Jeff,

I have for a while been thinking about AoR definition, as you know, and
the questions whether it makes sense to treat the area of future CO2
plume extent the same as the area that may be included in the AoR
because of elevated pressure. Now, with the help of Abdullah and Karl, |
have written these thoughts up, and I am thinking of sending these as a
discussion paper to the GHG-S&T journal. But I really want your input on
this before submitting, and understand whether this would be a useful
contribution for EPA (I will also send it to Molly and Bruce in DC, and

to Steve Kraemer).

See attached. Hope you are doing well.
Jens

> Abstract

>

> This paper discusses the current guidance given by the United States
> Environmental Protection Agency on delineating the so-called Area of
> Review for geologic carbon sequestration (GCS) projects. In the United
> States regulation for GCS, the Area of Review refers to the region

> surrounding the CO2 injection well(s) wherein leakage of CO2 and/or
> the migration of formation fluids could possibly endanger overlying
> groundwater resources. Our evaluation of the current framework for
> delineating the size of this area finds unnecessary conservatism in

> the critical pressure definition, which could lead to a heavy burden

> on permit applicants that seek to get regulatory compliance. We

> propose a re-interpretation of the Area of Review framework,

> separating the total region into different sub-areas that are

> associated with more or less strict standards in terms of site
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> characterization, monitoring, and corrective action.

++++++++++ -+
Jens Birkholzer

Head, Nuclear Energy and Waste Program

Lawrence Berkeley National Laboratory (LBNL)

Earth Sciences Division

One Cyclotron Road, Mail Stop 74R316C

Berkeley, CA 94720

Phone: (510) 486-7134, (510) 501-1051 (cell)

Fax: (510) 486-5686

e-mail: JTBirkholzer@Ibl.gov
++++++++++++++++






From: McDonald, Jeffrey

To: "Gilmore, Tyler J*

Subject: RE: Area of Review Delination and Maximum Well Pressure Calculations
Date: Tuesday, February 04, 2014 8:28:00 AM

Thanks

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]

Sent: Friday, January 31, 2014 11:31 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew; Bayer, MaryRose

Subject: Area of Review Delination and Maximum Well Pressure Calculations

Jeff,

Attached are our response to your questions about the delineation of the Area of Review and on our
maximum well pressure calculations. (IR7_01-23-2014). Please call if you have any questions.
Thanks

Tyler
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: Greenhagen, Andrew; Bayer, MaryRose; Akhavan, Maryam; Roy, Stephen
Subject: RE: Conference Call Times

Date: Tuesday, February 18, 2014 9:10:00 AM

Tyler,

Can we go with 10am Central time tomorrow? | think we should hope for an hour but book at least
1.5 hours just to be safe. Can you set up the call-in line?

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Monday, February 17, 2014 3:29 PM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew

Subject: Conference Call Times

Hi Jeff,
Last Friday you asked that | check availability for a conference call on the AoR.

Here is a list of openings that the people critical to the discussion have on
Tuesday and Wednesday this week.

Tue 1pm-3pm (central time)
Wed 10am-Noon and 3pm-6pm (central time)

Let me know which times work best for you and then | will send out a meeting
notice.

Thanks

Tyler
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"; Bayer, MaryRose

Cc: Greenhagen, Andrew; Lucy Swartz
Subject: RE: Draft Trust Agreement

Date: Thursday, February 20, 2014 9:40:00 AM
Thanks.

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Thursday, February 20, 2014 9:40 AM

To: McDonald, Jeffrey; Bayer, MaryRose

Cc: Greenhagen, Andrew; Lucy Swartz

Subject: Draft Trust Agreement

Jeff and Molly,
Attached is the draft Trust Agreement in support of the FutureGen permit

application (IR13_02-10-2014). We are currently working on getting a draft of the
insurance policy from our insurance broker and should have that to you soon.

Please call if you have any questions or would like a follow-on discussion.
Thanks
Tyler

Tyler Gilmore
Earth Systems Science Division

Pacific Northwest National Laboratory
902 Battelle Boulevard

P.O. Box 999, MSIN K7-65

Richland, WA 99352 USA

Tel: 509-371-7171
Cell: 509-430-9898
tyler.gilmore nnl.gov

www.pnl.gov
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From: McDonald, Jeffrey

To: "Gilmore, Tyler J"

Cc: Greenhagen, Andrew; Appriou, Delphine; Saieh, Patrick
Subject: RE: EPA"s IR#9 01-31-2014 ready to be send

Date: Tuesday, February 18, 2014 8:57:00 AM

Tyler,

Thanks. It looks like one of the plugs was left out by mistake. The previous plans showed the wells
cemented surface. The new plans have the 3,100’ to 1,800’ plug missing.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto:Tyler.Gilmore@pnnl.gov]
Sent: Monday, February 17, 2014 11:21 AM

To: McDonald, Jeffrey

Cc: Greenhagen, Andrew; Appriou, Delphine

Subject: EPA's IR#9 01-31-2014 ready to be send

Jeff and Andrew,

In my response last week on the plugging and abandonment plan | forgot to also
include our calculations spreadsheet. Please see attached our response to your
questions on the plugging plan and our calculation spreadsheet.

Thanks
Tyler
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: White, Signe K; Zhang, Fred; Bonneville, Alain
Subject: RE: Erratum to August 2013 Input Advisor File
Date: Thursday, January 02, 2014 1:19:00 PM
Tyler,

Thanks for catching this. I'll pass this along to the folks working on the modeling section.
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Thursday, January 02, 2014 1:09 PM

To: McDonald, Jeffrey

Cc: White, Signe K; Zhang, Fred; Bonneville, Alain
Subject: Erratum to August 2013 Input Advisor File

Jeff,

I want to alert you to a correction to the Input Advisor File that was provided to you in
August in support of our UIC permit Application. The wrong coordinates were entered into
the file for the numerical simulations. In the X, y plane the corrections are on the order of
about 20ft and in the z (depth) direction the coordinates are at most 80 ft off. But these
differences will generate slightly different plume configurations. The attached file details the
correct coordinates that were used in our simulations. We apologize if this has created any

confusion for the numerical model review.

Please call if you have any questions.
Thanks
Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 3717171

509 430 9898 (cell)
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From: McDonald, Jeffrey

To: "Gilmore. Tyler J"

Cc: White, Signe K; Zhang, Fred; Bonneville, Alain

Bcc: Inci Demirkanli; Bayer. MaryRose; Greenhagen. Andrew
Subject: RE: Erratum to August 2013 Input Advisor File

Date: Thursday, January 02, 2014 4:13:00 PM

Tyler,

On the topic of the Input Advisor, please confirm that a shapefile for the delineated AoR was
submitted with the Input Advisor (AoR Pressure Front Delineation). If it was not, please submit this
file.

Thanks,
Jeff

Jeffrey R. McDonald, Geologist
Underground Injection Control Branch
U.S. EPA - Region 5

(312) 353-6288 [office]

(312) 408-2240 [direct fax]
mcdonald.jeffrey@epa.gov

From: Gilmore, Tyler J [mailto: Tyler.Gilmore@pnnl.gov]
Sent: Thursday, January 02, 2014 1:09 PM

To: McDonald, Jeffrey

Cc: White, Signe K; Zhang, Fred; Bonneville, Alain
Subject: Erratum to August 2013 Input Advisor File

Jeff,

I want to alert you to a correction to the Input Advisor File that was provided to you in
August in support of our UIC permit Application. The wrong coordinates were entered into
the file for the numerical simulations. In the X, y plane the corrections are on the order of
about 20ft and in the z (depth) direction the coordinates are at most 80 ft off. But these
differences will generate slightly different plume configurations. The attached file details the
correct coordinates that were used in our simulations. We apologize if this has created any
confusion for the numerical model review.

Please call if you have any questions.
Thanks
Tyler

Tyler Gilmore

Battelle Manager FutureGen Storage Site
Pacific Northwest National Laboratory
509 371 7171

509 430 9898 (cell)
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